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1.

F ~Confiden~tial

iI FOREWORD

The furtherance of a comprohensive shock and vi-
bration program for the future needs of National Defense
depends upon the utilisatlon of new ideas and novel
techniques. Moreover, to keep our designers and tech-
nologiats in the forefront of applied acience, it is
easential to disseo•,tiiE pertinent inforimtion as soon as
it becomes available.

The contents of this Bulletin demonstrate splendid co-
operation in prompt exchange of recently accumulated
knowledge in this field. The material assembled presents,
also, a study in contrast. Certain similarities and
differences between field tests of ships and other types
of ird litary vehicles aro discussed. In approach and point
of view, the British ship tatrget trials are both revealing
and instructive to us. The procedures described and theresults obtained are irmpresaive. Planning, organization,
and ezperience are represented in the trials routine.
The fact that over 90 percent of the recordings were
suitable for analysis, indicates a professional "know-
how" which is as yet beyond our ken.

Our full-scale quantitaiive tests are just getting
under way, Plans an"' procedures are atill in the form-
ative stages. We are matuiring through precept and
example--som times the hard wey, by trial and error--hut
we are acquxrir;l knowledge, and our objectives are in
foclix,

vi
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THE TEINTH SYh¶PO~IUM
Naval Research LaboratoryJ

14 Aprtl 1948

ADMI2RALTY FIJLL" INSTOIMENiIATION
RO SNOCK ANT) VIBRATIONI iNVIESTiOAT'IOI

J # Puswy N.F. S. S.

There is presented on- outline a ad discussion of the jnstru-1-- nt# ftsed by the
Royal Navy' in conductn 0hptrjltia1.Rltiewrt ft. ~~rn
devices emtployed and the man-nor of p'roceeMiin* the .roatilt~ing danta are. describod.

,It becwne apparent- quite early In the in the mineuwemeper H.M.S.'Jf~l1Wdurlng*
rec'ent war that the effects 'of nontorntact routine Swooping trip, M440 instrdimento

underwater exI~looiong on shipa were Wdith umwd werv e~rudo and' ei~lap 0-41~k 0ters,
more serious than had been anticipated and t_ edh of which ýco'sostsd o'f 12, erring. steel
that it wasn quite possible for. q shalo tw-be st'iLpvof 1engt6hs graedd from 31 cm to 101 CO.
put out of action aa a fijfstins unit. -Oh end of each contact woo firmly -fiaa4 to
although the hull was not a~rLioualY a stoel block,. the other had riveted to It
damaged, due to the cdisruptiv. e~ffeto of 0a41 sasAli wag~~d s first top"*v I cad~h
shock an ihe internal equjpmen~t. A.tr first, word toward a *,tool boa*e. A6Y contact
there was little citordinstion In efforts to shich movod I co wom ýarrvnged to C4lip dbw
investigate thesew phnormeno,' individual. SIti of the so Metfro wqra fittod ,to give-
design departwen~:s carrying out their oi mlu In nlnt,s acceleratiton# Iri 1lPnxi-
eiperimant I workmnd t rying to, devise meoms tud~nal. athwarkstiips" &6Id v*rti~C*
to comholt the trouble._ At that time th.. diroctlonna. Ctsvic mi4 ueutiabeo 60 these
Electrical Department of the slore oatab- instutramnt,0_W a. thoy did give acme idea
I I shment H.M. S. V11IW. the fnc t Imonof wh Ich of. the magnitude of o~ eerto I
warn to represent sos-ogoilpg opinion in. 'displacemossat which isight, be ewpwcted.
connection with the desivy, of electrical

equ Ipment. become Interestod in "altoch'

of fre: .j a~thiado of obts"Ining continumurs rec~ords

It waat apparent to thid4 De0partment that v~erv couiuidered next. The ft~stgcilnn which

little desi kndrvn of the magnitude and olt ws possible tq o&ri~tn 1*ire lout mathae46

severity of shock and vibration vtfecto war~ acceleration. velocit~yv and dim-

expe:1".nced and that trials would have plaCane.nt., It' somed that volocitY laight
to0 be carried ott--------------nd~tionsto be the betit tuivc er tto mnwsiu'#. A

get scow. idea of these magnitu~sa so that would be poskibleko' mi-l o.. r~tirat ito

sluita'ble methods of recording thmon a ubtain oLther of tile othor val)-;Z. A

iarget %cale could be developed. This velocity mater was 'Con~tsurW&J. co~ttekt~tvg
f 1rszt t r Ial was car ried ou% in JWWWTsaY. 1946 of a fez-vch coll 0operathig Jet the, Wl!"llar
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gap of a cylindrical electromagnet which that trial in this paper. Results ob-

was suspended on a spring system of low tamned tended to confirm the opinion that

natural frequency. The magnetic field in velocity was the simplest function to
the gap was found to be uniform except at mensure and that displacement and accel-
the extremities, The base of the in- eration could be obtained from the velocity
strument, which carried the search coil, was records. From then on, other existing

bolted rigidly to the item under test. On methods of continuous recording were
being subjected to shock motion, the dropped, and velocity meters came to be
acarch coil moved relative to the spring used almost exclus.vely. It was realized
mounted mass and, therefore, had a voltage that the instrument as it stood was by no
generated in it proportional to the rate of means ideal. It weighed 35 Ibs, could cope
change of flux linkage which (as the field only with maximum displacements up to 2
strength in the gap was uniform) was pro- inches total, and introduced errors in the
portional to the velocity of the search record ( due tomovement of the seisinicmass)
coil relative to the magnet. This could quite soon after the start'of recording.
reasonably be taken as the absolute motion On the other hand, as far as "shocie'
of the base over the early part of the was concerned, the impottant part of the
record before movemert of the magnet were crdan ofthintred. Furtherore, the•troduced an error. Such meters were impedance of the Instrument was low, and it

coupled to R-C amplifiers and thence to gave a coinparetively large voltage output.
C.R.O.'s fitted with continuous recording This, made possible the use of low gain

film cameras, so that it was possible to amplifiers having maximum amplification of
obtain a vidocity/time curve. Using this about 200, which was of great value in mork
type of instrument, small.-scale sea trials on board ship where pickup effects were
were carried out in H.M. Ships EIJRYALUS. liable to be very troubleome. Attempts
LONDON, VANOC and JAVELIN, were made to develop the instrument in the

way of weight reduction and increase in
By7 this time it had become apparent that maual ipaeet uoigt

the investigation of shock and vibration sta s hra ge a nd th n s ity fo

effects were of extremely widespread keeping the se.a trials programme going,

interest and in order to study the problem these progressed very slowly.

fully and to avoid duplication of effort,
the Admiralty Shock Committee, which It was evident that the method of in-
consisted of representatives of Admiralty stallation of recording equipment used on
design and research departments, was the CMERON (namely, putting everything in
formed. Part of the terms of reference of the target vessel) would not be practical
this committee were to control and direct in the future trials envisaged, and it was
experiments necessary to investigate the decided to obtain a small vessel and to
nature and severity of shock in warships fit it out as a floating laboratory. The
resulting fror ioncontact underwater ship selected for this work was MA.V.
explosions. This naturally introduced the ENDSLEIGH a small coasting vessel
question of instrumentation on a large (pictured in Figure 1) of some 200 tons,
scale. length 103 feet, and beam 23 feet. The

In the CAMBM Trials vorious types of original hold space was subdivided and
accelerometers, displacement meters, decked in to form compartments as shown
velocity meters, strain gauges, and in Figure 2. The instruiment room contained
resonance meters were used. 71h1 troubles a11 the C. R.O' s and other recording
experienced in operating these various equipment (see Figures 3,4, and.5) whichwere
instruments and the results obtained have Mounted on a sprung bench.-been =eat out fully in the CJMffFDN Report r-ad A contilid..u=u pr-oce~s ;n 1 Za n fcr-

it is not proposed to enlarge further on 35 mm film (shown in Figure 6) was in-VIEI
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rig., 6 No. I Dark Room. Processing Machine for .13 air Firm (Loobing Aft)

utailed In No. I dar~kroomi. In addition. Provision wits mad. for r~iordling .1t signals
the Shiphadsa small machine shop (Figure 7), sf twnltS*Uieojay. Poch marlifiel in assjciateqI
and a compartment known an the test room with a particular dscilla.'rph trace- ^"d
(Figure 8) where testing, repair. mind the inputo of all amp~lifiers art perman~ently
construct ion of electronic equipmtnt were wired by meanb of viriglE cor*? acroentfl

carried out .cable to plug points an the inst rument rowbm
cosatrol board.. rbhce =Ay be ltnikov wsp as

Fqr power wupply, two diesel generators desired by means of flexible leopds to,

were installed, a main set of 50 kv. 220 similar plu~g points which or& wirod par-
volts D.C. in the-generator room. and an rAnnently to the instrumant distribqetion
auxiliary 30 kw, 220 volts D.C. set In the bozrd in the battory room. Thisi board
"ain engin6 room. 'Me main A.C. supply for woo the point at which cotnctioto with Its&
instruments was provided by a 14 KVA motor target ship wasn arrariged.
alternator supplied from either diesel

2generator. In addition, a SRYAmotor The orrattleerwnt icI e bti th.
alternator, aupplied from a 110 volt, 11;0 target vessel stoojrlbemoorad *~dvw tests
r&rnere hour battery in the battery room a" that a dumbz bea*g fuulgd als) bo, Moored
was fitted to provide steady w~ltago suvly in a eimilar m~an'ner at a sate distaric witt

to the amplifier durin~g recording. An !In* with the target. lesstrF..it% Waet
m,'jtetd in the karget vessel, leads l.n

Am. previouxly stated, the ~pl~r. taken to a coL--t-rt !ofmit-A 'Loeic eit at

osci liographs, recording camer as, and within Vim target at *t-~~~I~I

auxiliary apparatus woe. mnounted on a Fro thr bee-I cenr-4.tiqvi to** ftwl to tha
upfing *i'ppnrtod hanchm, 12 u S feet. laboiatorv vasooltiynearlof vost*lhk "sdti.

wituated centrally In iho instrumenst room. cose, -aktertig~ht cables. The mslltk clorw
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Fig. 7 Workanop (Looking Aft)[

Fig. 8 Toert Room (Lock ing Aft)



cabip~s were carried across the water on a This srr ajeqrett 1hav boen uiteie with but
series of floats. The lettmr were secured minor modifications In mll the trials
together by mearts of steel wire ropes which carried out gince U*4

were arranged to prevent any strain, d-ue to
rough weather, coming upon the cables. Trioals have bcwtý cmiplttedon aPA9flflA
I'his arrangement proved very satisfactory, *Class submsrint F" a spoviadly built
although great care had to be taken to cqntro aectionof anA Class sutbnaf~noejXAi'j

avoid arty rough edges at which chafing of the' destroyer ANPJSCA", and the crtziaer
the cables might occur. WOMALD. -The sitit novel of thosQ trial a

It ws pssibe t slp th cales were those cti~rrid out on 309 9. as this
It ws pssibe t slp th cales target was eutasor I d fotrmost "~toow. In

from the ENUSLEIGiI. if an emergency arouwe,
and to be away from the trials site within order that conne~ctiotis iould, be msade to the.

15 minutes. target,a4 float .wa9 introdut~ed atthe end!

The staff required to operate this o~leable (abou 2 t0oot long) r.as left
vressel consisteciof six scientific officers. bewe this float, mind 309 9. ýThe c~ables
t-.o laboratory mechanics, ondtvm labourere, - were led into-the' pressure hull through
tagethet with the ship's crew constatiý4% of.,slmri.ail ium Trutu

askipper, two engineers. a mate0, old two tilse~ 1 'Valo*ity motersof tlh. oiriginal
deckhands. type, have biort the main means of .&nstrvAý

The trials routine adopted wesa s iWTt. tiLoOf-.
follows: Two hours before the tim#e of ! codn;ha

a -o, n .s, th ench. eqim-i a hý -- Il .. .t a zcrG.'

checked over to ensure that C. R. 0. 'a. i1WroV*&d OraOtr*sIvoly, end It is satmah"ted.,
cameras, amplifiers, and auxiliary,,gear that mwor than 90' ptircen* ~Ithe 4(1000

S were functioning correctly. Then each records. a!kený have "beon 4101 able" Car .7
Individual instrument circuit was tested analyasis

for continuity and insulation resistance to
be sure that rno cable or other fault he'd Jft k d ~t iaq, P0 4 41w~ WaSi recovrding
developed. Next, each instrument was instr4iaants. -Sahl as-r~olat~vq~ dhspiqwmnt
checked to ensure that it was operating. .indicaitotte."A ~ e1,rt'%river q mtcOr
Finally, all velocity meter magnet currants tanits.:'balh .fgktiah hoew k~ei fully des~
were accurately adjusted. cribed i-il the CMI" ReP4,t, "O'. wse".

At the same time, the nav=l firing

party had been fitting the charge anid pre- Certd'in othisi'metwtda t'wE *oCM~s he"
paring the load for reratite elec~trical been d~vettdausd jte,4'ii gýI0 ~j
detonation, while the virking party were jto CA.IM.' On 47rx.Jg Sris tgivapt *..S Y
checking pumping arrangemelnts. tlos ing ýi , ati 'Y'

watertight doors, etc. ~o ' ntietwihwtcle
Three quarters of ani hou teoe he loh -'lf r#'qmtC~h4 a" tr. Th -Vl~a

shot. thne instrtument party closed top in the Awk. (VO-W th'1t *ýWd;~a t t.l

inotrument room on ENDSLEK71~ and loaded 1400auae e,4 VFWW MA'ew~ mt.t Of the

f Ilm in the cantras. awitcheil ani upt I f Iare. *ýf 2 toyctls pot te(onb*\aiglag

C.R.O.'s, etc. The charge wihs SCOerred Into,, dlsplmcomeftta- Usa knksti~al a*C; Cofleiatv4

the watcr aiid i'is firing cable connectad wspNWOtIfIl* of a tra"sforw\ 0. Varalsde1

thro~ueh tow __FMSTVJ1;I wfieto it was tosted givh (IF.ge~. h Opandary, t~olI

for continuitylsaid insulation resistan1ce'ami *MkbSaAee a care, Wtich it #4.-M~ to two.

finally roupled to tMe firinq battery t~ic Wtei~iazii,# sit gap

cir-cult. At the) appropriate monkent, si1t wl'ji jrespaer *6~tea Thia: attV~f.*Mr~..

aUtomatic firing4 switch ZAs s nvrltixveý in 000 a04UW041 for T r* n -7711 IT f "

thie linstrument room. TIhis -atooted %he a ovaaý erA i u~e;eta~
cameras, injecteed a ralibrating signal in~to t ito eedue# t h-#,~i .r~ vi

the einpli.(lerit, srt(I fired th(ý Charige. na~iotlc~6rvs to si-iwaw#id Order P -margnt
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tude (Figure 1O). The natural frtqLzexncy

of the instriiment was approximately 60
to splifier irnpt cycles per second and it was subjected to

S....light oil dwnpiiig
3v at , The transformer primaries were fed with

a 3000-cycle per second 3-volt suppl y..

The instrument had a linear response for

accelerations up to 2 g. The output of the

inxtrutnent waS Ret so that the band width

was reduced to zero by the application of
an accaeliration of 2 g. This acceleration
was easily obtained sinmly by inverting the
whole instrument. A record Is ahown in
Figure 11, the variation In width of the

" ,tj,.,,Ir..i•v",m' 300 0 -cycle band being proportional to

M Al.O....0iry . 1.,, ,,. A7

Wi l ..... ..

I*ij.t'n fl

-. .-. ",.... I .....
- 4i

P-- -- R .

i.f_ I-- .............. Sb

flHt fl_"h®'t-F
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Figure It

acceleration. Double Intearation we& Attention was then turned to examh'inK

carried out by hand to produce displacement. the possibilit ivs of prodiocista weievironic

-him Instrument showed consLdeal mean*a of addingl the Iofr qiu ito p rtipasrt401

promise but, in a re-allocation of work, of thle output signal

whip measurement wasn moved out of our The firat anpl~fying mixoro devoloped
province and. owing to the pressure of made provisio for tile addition of both
other work further development was single and double intellral proportioos, hNt
dropped. I,. was found that damping was. lowen (rough

Another I~nstrumtent which wan mest Ioned to all,*w tho first Integral termt to be
briefly in CAME.RON Report and on which neglected. Within the kinits of tilei

further experimental work was carried out assumption the ratio of output to, ispsit

In succeeding trials -was the high-frequency voltage of the correcting network am a

vel~city meter. This operated on the stane function of frequency Is proportional toI
electromagnetic principle as the standard I %.0 Titls quantity is plotted in Figure
velocity meter, but, Instead of making 12.

the natural frequency of the sprung iyateti Various methods of integration wore
as low as possible, It~ was decided to sttes~it,od but without complete sucrege.

mrount on a comparatively ati1ff spirung Thm outpttt 'tbtsinq.9 !ro- th.* "t#,7 i**.
wystern (may, .51 or 100 cycles per seconod), very much exist [at than that from tlhe
accept the error thus caused and try to stanidard velocity meter. owing to the
correct for It electronically the* theory stiffnesz of the oprings 4ticti resul ted In
being given In the appendix. very limited relative wivoveant betw~eeo.

It appears that by takigmg the@ ouiplit magrnt snd Samarch roil. In econsdquipnc-o

from such a meter and eddinW to It certain hiighi ampliflenttiutt boam nocecesry . This

proport inns of its owtv single arid dotibll irnoulght In its train all tile uOuL'6 t rioiibis

Integrals, the libsolute m~tiori of the base oif ;strey Piclitip. valva fW10 AWM v114ttidn

could lie obitaoned. vriectsWri whui w vrv V ff, '
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to eliminate on board ship than under mount a standard velocity meter in the
shore laborstory conditions. In addition, ordinaryway, as the weight of the instrument
it was necessary that the device should would. have materially affected the motion of

have both a frequency response approximating plate. The method usedwas simply to remove
that which has already been discussed and the search coil from a meter and m-ount it
good transient response. In the methods on the plate. The magnet was reversed In
which were tried, one or the other could be the meter body and the body attached to a
obtained but not both. Consequently, it was robust channel iron framework which was
felt that further Investigation on the rigidly attached between the two frames
laboratory ship would not prove fruitful, which boundedtheplate under investigation.
and the question of electe'onic correction Adjustment was provided so that the search
has been dropped temporarily until such time coil could be centered in the magnet gap.
as it can be investigated In somne shote Thus the load on the pla-e was reduced to a
laboratory. matter of a few ounces instead of the full

35 pounds of the whole meter. This deviceThneoretically, it should be possible to worked quite satisfactorily, although great
analyse and correct records obtained from care had to be taken in centering the
the HI.F.V.M., but this involves obtainingthe search coil in the magnet. There was
constants for each individual meter and considerable wastage in search coil
carrying out a tedious and I engthy graphical formers, as damage was caused when theyreconstruction. In practice, where one werO tilted (due to the directions ofrequires to know the results of one shot motion of the plate) instead of moving
where a large number of meters would be in The question now arises of the future

use. it is not feasible.Thqusinnwdveofteuur
developments expected in instrument

It is possible that having obtained the technique. It is considered that the
uncorrected record and knowing the coostants magnetic principle of the velocity meter
of a meter, it might be feasible to obtain is still the most reliable method of
the true answer quickly by sone mechanical recording in quantity.
means. This is being investigated.

The instrument as it stands has the
Yet another problem which arose was the following disadvantages: It is tooquestion ot measuring the notion of the heavy, records faithfully for too small

shell plating. It was not possible to a displacement for a number of cases, Is
subject to spring error, and requires a
supply to energize the magnet, In the near

future and without interfering with trials
progress, it is hoped in redesign the meter

V) to remedy some rather obvious crudities inNATURAL FREQUENCY OF METER the design.0!
o> SYSTEM IN THIS CASEEM The framework of the weter will bef. f-fW= 60 CPS :made in some of the light alloys wich are

now available. This should bring consider-

able weight saving and thereby permitdesigning for a larger displacement without
__0_a'y weight increase. The electromagnet, it200 is hoped, can be replaced by a permanent

YGLESP $E magnt-t in one of the modern msz,%etic

materie!, ("'Ticonal" or "Alnicd' ) which willSFigu r,12re"" -2
Fi1, 2retain their magnetism even when subjected

tn repeated shocks. This muuld simplify
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considerably the ý,peration of numbers of adju~stment will be made. so that the tore
metes. I atall ossblethenattral intervals are equal Iin reidh direct ion. Thus

frequency of the magnet on its suspension a uniform square wave will 1b. prordliced.A
will be reduced,but it is not considpred Thle on ben itegated, will give a
that much improvenent t~sn be expected In ittiantular wove. If the bar* of the
this direction. knstr;,mnt is attached to an oblect which

Finally, I will may a few wovda about A* given i'shoch motion. the t~ine taken
a new method of recording which Is. at yet. for the mass In move between conriacts' 'wiIl
in It= embryo atag::. and 1= compictely un- to -..iri y Ove lb. ion oi O.he base, and
tried. As far as Is known, the principle successive-half cycles of the siquar*, avow
has not been used before. will not be eqtsi; Thus. Instead o f 't ho

The main components as' the circu4it will~ egaedwv roturining to icoq ot
be a square wave generating circuit followod each cyce.I. It w! l1 be displaced and a

by a simple integrating device., Thear troco. conststing of a Norio* of trixnfiuter

recording head will consist of a lightly Atp.wl epqd~e
suspended masa which in oaru~e to MnV* ':Tte i.portan~t. factor a- ears 0ob
between t-w- zpring con'tacta. Th. Oug,0024 'thu14t tthe 111m. )Ant rval for undist%'ýrbad
of the contacts is two-fý4ld: To protridei a Patior 'should 1ý4 reasonably large ior~erd

bias which will trigger the square wavo with the tjimo chang"s oapected froif the
generator and to give o pulse 'of energy to motion.'' ,The advantage appears t,; be
the moving mass to send it, towards the accurarzy of r#'&rdLqft, Irresective U,11 the
00002i t cntact, whore a srilmilr cyc-le £ J IL.-

will take place. In the undisturbed state. said, about thisa i~ts *Aat P r eaerit.-

DISCUSSION

D. E. AMPJ.M, NM-L I would like to oask .1. lWUMV From a -,aon w~erleow#, It we,
what the periodicAl iripulse or carrier frequoncy very difficult to uoi 'thee. gages on 'target
oscillation for the new r'ecording hoad for Ow hp. qh~ !otnd that we could got them
square wave instrument Is supposed to be. to trk in telaboratory but could. r~t VON

them oni the ships. It IN a problem wimkv
J. PMJSEY. RN.S.S, That will depend tfý adwro. go tho ploqto, lit addilon , it It

upon what is to be measured. Ilf YOU want to not easy to .tell whe.n they -art Pr~oprl
measure whipping, you will he able to use I* f ichqod, two iowi that, ýIjiy #rash flown
very low frequency. If the -measurement 16 very easily under abip trial! comditioes out
going to he shock motion, it may not be pos- tht the. output: fCr.s the straint gate; Ito
uible to use the instrument, as a much ,cmueratidiiey low. .it is difficult t6 gat
higher carrier frequency will be nweaesary. l~r4cble rit
At present, this wark ks in the arbryo stage. ii-Aý IfMr-1"o

3.P. WALSH,. NM.. M-st ha* beeon your. ca'uld a*011fy on tho Proffersene foir ihe
experienc-e with wire strain %agen cm shipboard velocityv type of pickup 00ther 'tlhen tth.

trials? a o pset twov" i
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3. PAUSEY: We found that, in the first J. E. SHAW: No definite instru-

place, if you consider displacement and mentation has yet been decided upon. The

acc-eleration in ships, you must work over point you read was in connection with

qjite wide ranges. Displacements may vary masses on deck or on the masts, which were

from .001 inch up to several inches. to simulate rndar gear. There you get

Accelerations may range (in the case of an excursion in space of several inches,

whipping) from 2 or 3 g to several hundred and the ordinary type of velocity meter

g, and it is difficult to get these two would not cope with that, as it bottoms

wnda of the scale on one record. With after a matter of a few inches. Con-

velocity, you are working in a smaller sideration is being given to different

range. The low end may be down to 1 foot methods of recording. At the time,

per second, but you seldom get more than accelerometers were the only answer, but

20 feet per second. It Is possible to so far we have not decided what we will

get all, the velocity-time curve on one use.

record without the low-or high-frequency 3. PAUSEY: That particular trial has

components being lost. We do find that

from velocity records we can obtain not started yet. It is still in the

acceleration from the initial slope of Planning stages.

the curve, which is the important accele- I. VIGNESS, NRL: In using multi-

ration as regards shock. There is the conductor cables to carry signals from the

danger, in using an accelerometer, that test ship to the laboratory ship. do you

it measures the higher frequency vibrations have any crosstetalk or interference be-

associated with a very small displacement, tween channels for either low-impedance

which is not particularly important sources or high-impedance sources?

from our shock record point of view.
J. PAJSEY: We have not used wire strain

gages except with individual cables.

M. L. HENOCH, BuShips: In a recent

copy of a report on the thirty-ninth JvlcT. MULsER, BTL: How long does the

meeting of the Admiralty Shock Committee, velocity pulse last? How long before It

I read that you are making measurements comes back to zero?

on masts. A statement was made about J. PAUSEY: You can record the velocity

using accelerometers for that purpose, over a period of seconds, but the important

The matter was under conrlderation at initial effect 9robably takes place well

that time. Have any instruments been within 20 millisef conds.

worked on for making the measurements?

m k measure- J. T. MULLER: How does it return--: J P J~W: I &in' t reminaber the report, sharply or slowly?

J. E. SHAW, RN.S.S: For some future

trials, we arepan meosure- J. PASEY: Generally speaking, there

Iments on motions of masts. I believe there are t" forms of shock waves. One of them
wiere statements in there about considering approximates a cosine curve with a sharpJ

_the use of accelerometers for the measure- rise and then a damped wave returning to
Sments, but the matter was not complotely zero, It Is difficult to say whet, it does

looked Into at that time., retuJrn to zero, because there Is motion

Of the muss in the velocity meter due to
M.L. KEN-LCH: Additional consideration I, 's own springs , For the purposes of

Si s t o t ie p iv en t h ^ m a ~t t e, r . t h e n , tin d `;h o c ' -- ' -' i S t h , nt i n i t i a l p a r t cif t i -e -
- ~definite InstrumentAtions worked out? record whjchj i, theý impottprtm or a a t
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J. T. MUJLLER: Can you Ilive some value of velocity. rie characteristicia an

idea of the length of time it takes to the machine~ry. the bui4heads. end o~ kho

reach the maximumj~ velocity? decks are generally law.ped uwt .ft4(r
about 10 to 20 cyc 1e--.

J. PAPJSEY: It varies, on differ ent
parts of the ship, frorit 2 to 3 nil liseomids S& P, THU'49'J, tM: Xaforrlng td the
up to about 10 milliseconds anrd, An iiome error* onjondared by mm~lng tho resonaent

exceptional cases, 20 rmillisecon-dt. fregueny of 4 solsmic WitT!ýmont tjl~her
than In usual, it muld %&e4mat.aimnco a

.L~. t;HAw: As I understand kt. you mechancal system of -tbst trpe i La malopous
went to know howu iickly these excitsitlons to a tue Cici"A should be Posoib I I
are damped out in different parts of the to toke a circuit &Aid, by ouitgbly Arrartrains
shock. The graph (Figure 13) repreasnts is~re~s(tl~igt~edtrlk1
velocity against time. () t fof hullI or Shel 'daming), to us~lt awm e calculating "chiixw
plating disturbances a~re ".siried out after to straighten out, both 'ths.e wip!~e mnd
a very few cycles. There is ai very rapsid the phase* of the valocityý met;;r record.
rise (sometimes under 1 millisecond) Hwethefiritish considered this proposition~
friiiciwed by n more or t~e~ 4wqpoA osrX11-

tion. When dealing with the item of

machinery on the bull, as Mr. Paui~y 3:.- PAM..,V We have cons idoif d method.

mentioncedwe got a curve iceembl Ing a dampd ,f recI nbyleriaan chscl

sine wave, the timie of rive being anything me~s bu a* haven't arrived at Uii. emiwsw

between 2 mIllizeconds'end aboutf 7 or S WeO 0 w t, yet

milliseconds depending upon a numbera;'f

factors such ts how the machinery "wiqs ýt '-. Yo. 1a~.iee

mounted, thickness of plating. etc. T'he, yo use cathCSeWe*rV rocord*VS in mentourins

gon on to the bulkheads. -the rise ýwas -shock. Have y'ou. triead the amagnotic

still slower until, when working with the Iavmee 1 eO1*15#'I

decks, one can get anything u~p to about j.PAiJV, No. We have stuck 014lel1Y

20 milliseconds before reaching maximum~ to athode-t'* oa ciliirogpho.

Allu

-' L
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APPENDIX

Let S w position of the meter housing

Xl- position of supported mass (m)

k a constant of the spring

a - viscous constant of system

e a output voltage of the meter

The equation of motion is given by

the relation

x1 " k(S - XI) * - X1 ), or

The voltage generated in the coil is given by
, .

e (s x1) (2)

where K is a proportionality constant.

The variable X1 c•n be el bmnatd between

equations (1) xnd (2) gi-Ivng,

S~ *k- * L r e dt), or

S-44 4-. 2ce + .72 f 9 dt)

--here c is the daming factor end ,i is the

undamped resonant frequency of the system when

the rV-ep ta atill.

If equation (3) Is integrated once, it felin"

that•
S j1(e. 7 r r r"S -r "we " - ed t



16Cofd

Thus, a voltage e' equal to the ibsolute

velocity of the Instrument cm be obtained,

provJdad

* + (a" + 2c f dt •o2 f f e dt) (S)

where K' is numerically equal to K.

Obvious!y, e' can be generated by combining

trhe observed voltage e with the proper pro,

rp-rtions of its first mid second integral.
If c is very small, this term can be

neglected. If a steady-state motion

exists, then e = E. sin (w.t a d) asi the

output voltage of the. correcting netorks

ii
iE

i-0 sin (wt + 6) (1 -o:). (6)JK

low
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S I ILARITTES AND DIFFERENCES 4-N INSTRUMENTATION
FOR ORDNANCE FIELD TESTS

By

D. E. Narlcme. NCJ.

I hav~e been asked to compare the In- Pouý;zy. Flipire 2 shows her rtcording room

strumentation of ordnance field trials with with six oaci1lographIc recording stut ions

the Instrumentation of *,hip damagje tri.nla. equipped with hlob-spood. rotating-drtim
such as Mr. Pausey has detcribý,d. cwsleras. You can see that except for

Firs, a tothesimie~rt~e: ~ slight differences In design, the 1413 and

interest in the effecte of exnoqoPns on adth LJXCIsre lm tidncl
ships has been entirely an in~terest In puos.

economy. To th* ordnance engineer *~ 0ilp Now, as to the differences In in, true
is simply one'class of target, and all mentation: Voct ordnance field trialis
targets are objects to be destroyed with rewuire Instrtwisits and techniques which
the maxalmum economy of explosiveo. We differ quite radically from those just
have been largely content, -tlerefore, to describod. I have. mentioned in a PreVACUS
obtain the advice of our ship designers as paper (published In Shock and VibratIon
to the response of ship structures to &jlletinlNo. 5) that ordnanice shu& problems
these impul sive explosivo loads arbd have are characterL'ed by the loa~g durstli-c- of
limited our ,participatIon in %'hip damage the sh'ck, end I Indicated at that tie*

trials to studies of the phenbomena sasso- that theser shockas must be endured for
ciated with the evq'1osion In water and, distances of 5 ID 100 root. This char.
in particular, to tls 'Ictvn to the acteristic of ord~nance shocko renders the
V tory which *ould he rerquircd to account use of velo-city metors quite Impractical ,
fosr the discon'tinuity In the fluid mediumx and we hvve woncentrated, therefore. itspoa

presented by the presence of an air-backed the des'.lOP-munt Of accelerometoer bosad
Inill. In order to obtein !edodta cn upo ther meesuroment of either the elasetic

tMl od o-ther points, wr hsv-- obtained an or plastic strain of smem oortlon of the

e- oat2-o c r af i -Lh t EPCS 14 13) vne .have vehicle being tested. In most c0006. of

tpeciX1l~y -quipped her for the accurate course. It has beon most ronvqni - t ,n

~tr~tof pr-'aure- time date from txzl~d a specia! etrain indicaliiV ng i'erti.
inrge . in thc nvwn 9sant fo 'i'aa In lhi, vai' C a'. At vdr~-,5*o

Fir 7'c-i~" t;--. 1413 tied to her timoe' %V hirve "PC1 k ý-d th ' *.w~

f2" to ~ sh- 1--t ror-;

C$
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tween them usually being dictated by the
_____ requirement of the transmissilon and/or the

recording system.

In all such measurements, it has been

found necessary -to study the theoretical

aspects of the. iroasurements very carefully.
) ) for an Improper choice of the accelerometer

for a particular measurement vAn render the
experiment iorthless. In particular,
accelerometer measuremnent. tire susceptible
to variations In calibration techniques,
and we have exptrded great care in the
checking of oneaccelerometer against

another in order to eliminate. as much as

Possible, the var'ious sources of error.
I FA.- re 3 show-a six typles of accelerometer

principles which are haqed on either thej
Plastic or elastic deformation of a
re-cordinz element. Therie devices nreI limted to recording peak accelerations
and, even then, murit be vecy careful ly
used in order to obtain relia~ble indic~ation,..

Fig, 2 Retcordinif Roon' 'f!ULrc I Ghows four accet-erometern --Ino
beeed upon the elastic deformation of the
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Crusher Type Fracture

I-Direction Type

r Piezo Electric

Cantilever"Putty Tp

Gage"

Cantilever Scribe
r.1.1 V.

Reed

Crusher Type Gage
6-Direction

Fig~. 3 Accelerometer Principles (Peak
Recordi ng Types.)

indicating element. but which, by re-
cording the variation of *train with 'tim.,
give a continuous recordiing of acceleration.

It must be recognized, howeveor, that Variable ROW IKIC
the problem of recording of data in ordnemene
field trials Is, at times, a very difficult
one. For thou* measuremants In which we
find it possible to maintain a cable
connection with the vehicle being tested,
we have developed lightweight, compact. ii
versatile equipment In the form of asmix-
trace cathode-ray oscillograph which is of
saufficiently small bulk that it c= be
handled In the field 4y two men. Figure 5

shows a schematic outline of the relation ~w ~
of te vrios pats ithn th oaiil- Aof the vana pagrts 6ihi thew a sclomehtI _

explode vnie Fuof 6n sown th arl smdelwhat .4A~.I
exlt e vi h i onen tha t l hi insrly woent Fi g. 4 TAee
Itwhich vr seentha thim InsFedtruetin.- -

ideal ly suited to the ref.-rding of ph~ru-mens,

wbI vaywt -m nfel ras

7tl
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OSCILLATOR UIT

Flj. 5 MX 6-Trace CRO 7ývpe IB Layout
of Main Fram* Fig. 6 Early Model Oacillaoraph

However, in many of -our measurements, Next, we have Figure 8, which shows
weaseunable to maintain a cable connection the complete assembly of a three channel
to the vehicle. To provide for such cases, oncillographic recorder. It is designed
we have developed a line of compkct, self- to be self-contained, so that the entire
contained, internal recorders which are unit can be placed in a mine case or
mounted inside the vehicle and which bomb for the purpose of measuring accelera-
mutt be designed to record the electrical tions on Impact with the water surface.
impulse from the detection Instrument There are three crystal accelerometer
faithfully, even though the recorder itself elements which feed a signal to an oscillo-
is under going the shocks. This is of course, graphic camera, the whole being powered
a problem which is never completely solved, from the battery box.
and the balance between signal and noise Is Pi'ure 9 shows a schematic diagram of
always a delicate one. the recording caneraof the previous set-up.

aTypical of these instruments is one
shown in Figure 7, This is a cellulose-

tape recording accelerometer in which CANTI iEVERLU TAKE-UP DRUM
th e ac ,• ele rat i l- tim e cu rve is en grav ed MASS R ,SC• .. A

upon a cellulose tape by a cantilevered
mass and scribe. This Instrument is
somewhat Lnsansitive and of fairly low
frequency relponse, but It has been

developed to the point where the rpring.- TFT GUIDEdriven druA wil~l maintain a continuous\
\CANTILEVEREDO

speed throughout the acceleration period; MASS a sORRI
hence, the device as a whole i. capable of Fig. 7 NOL 3-Direcl-"e Tep- .- ojrding
g-ivn, usable records for many Applications. Acceferomter
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difficulties In recent mrnthn that we are

leaning more and more hosvily upon it.

A fairly recent exmwqle was the Measure-

ment of the opening load in parachutes vhe~n

launched from aircraft at high speed.

Figure 10 shows the rent, end of a mine caeq

with its telemetering equipmenet installed

and the antenna encircling the inhtrument
compartment, wttile Figure 11 shows sensitive

elements mounted in eeach of the shroud
lines of the pararhuto just before it

Is packed Into its ceac. Upon opening,

these elements respond to the strain in the

pa-rachute chroud1 lines, and the data are

transmitted by a frequency-modulated
telenetering system to a recording station

on the ground where the signal is de-
Itodula ted mid recorded.

Thlose of you who have used telomttering

methods will readi ly recogni ze the great ad-

vantages that can be obtained in the

..Fg. 0 pe.4mifif TlemterngF~qipmnt Instrumentation of field trials by the use

for 1 Pre'a-er~ny Tearactern upen of these techniques . Let me now pointI
for enauinA aracuteout a new field of uaefuifess which we

have successfully exploited in recent

It will bo seen that the optical distances months. We are now using telemeteringI
are largely ob tai .ned from mirrors a Ind techniques In the field in trials of
that the cathode-ray tube, as mounted, underwater ordnance. During the conduct

Must take the full strength of the of recent testa at HIwassee Dom. a fresh-

Aceleri-tiont without causing devilations water lake In the Tennessee Valley, we have

inthe cathode-ray beam. This has been telemetered data from an antisubmarine
acoowlished with a fair degree of success. weapon and have observed the tine sequence

Te cathode-ray tubes have been specially of events during the passage of the weapon

strnghen~dwith added internal elements from air into water and into the proximity
ad, wa a whole, the device is capable Of its Intended target. There is every

witoutserousnoie lvel Ataccle- that Ordependence on the vagaries of
ratins elo abut 00 g Inernl rcorersis reaching amend.

In siteof te scces wih wich Figure, 12 isareproduction of one o h

Intrna rcorer hae eenusd, he traces fothsunderwater talemetering
Laboratory is rot completely satisfied with equipment. You will notice the various
this Approach, and In many cases, since tesohhaorftewaon ro

theme Instriuments and recorders azre not launching to impact with the recovery net,
adequate to the situationl, we make use of and for comparison purposes, there is7.

one other very powezful tool. The com- peetd~doclorp rc hwn
binaionof detecting inatruments in the thesiented outpu silogathe dtraetionweice

vehicle, data transmission by tale- during~ Ouach of tho e staesetodvc

etein tchnqusand recording at a To SURARISarize: Where the ordnance
ground station han solved so many of our eng~ineer ca-n maintain cable (ccianvctionv
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with the device being tested, the
techniques used are quite similar to
those of ship datnage trials. The maJor
difference lies in our reqiiirement for

accelerometers rather than for velocity
meters. and this, in turn, I* enforced by
the Ion& duration shocks encountered by I-
ordnance and by the small space In viich 7

However, when cable contact with
the vehicle cannot be maintained, we
have In the past depended heavily upon
the use of Internal recordera and have
expended substantial effort in thmir develop-
men~t. At the present time our eaphsaai Isa
shifting rapidly to the use of teimiietering
methods. These have already provocl
practical and useful for trials of air-
borne we-.pons and recent developments
Indicaite that equal success may be ob-

tained for underwater trials as well,.Iii

F'ig. 11 Eleents( WUno.Htf JR Frn~etwte

Shau L ISS"a

J. PM)IS-EY, RY.N.S. S: I am Interested in D. F. MARLOW~: It was a 1etir*&sed

the possibilities of toelmeetering and feel crystal esctac. The, overall &is* of the
that we may haver to use something of the ins trumerot Was alm01st two lvochws on a

think It will become necessary. The
cquestlon of sel f-recording Instrtsrents asoa J. PA;JSEY: Mr . Narlowe, would you say
Is of grepet interest to me. I would like you are doing any wo-rk an t~eimetoring in
to ask Mr. Marlowe one questalon abo~ut the soft aster?
inhtru~i-ient Which used the crystal Pile.
Do you get sufficient output from that D. K. MAWAINK I tivisught I had slAppod
accelerometer direct? by thatt tPnint faout enough W'* fso one et4utd

D. E I JL3I, r~1.:Yesthe uIOt t iar it, It 6-49 honesty, I felt It was5

the crystal warn applied directly to the waressarypni in a frnto athefao t !*,At tse.
plates of the C.-HO. There was no Inter- wr. i afnlwas; Ax.-

m~diae w~~llfictlon.tiatoni ii *alt winster is tAp by * factur of
100). We --re seriotevl6Y 4"Ainstdering thte

lJge. PAJSIFY: It miust hove 6fean qr.A te a Possibxihlhity 0.0ei. For the i'aetg~s that are
lreoutput. 41ovVsssry fng that surt ozf *ort k, tlti-
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metering In malt water may be poemible. basic signal, we don't know, bur perhmov
There wre two possibilitieq. One Le to by use of pulse coded techniques, we can
Increase by this factor of 300, or more, make some progress in that direction.
the power output of these submIniature tube
circuits (there have been some signs that E. KLEIN, NRL: Was the depth of the
this way be done). The other Is that we water a factor?
have a dlm.idea (for v4dch, unfortLuhitely, D E. MARLOWE: No. We are fortunate
Maxwell'* equations don't offer too much in having a quiet like in which to work.
hop*) that we can beat the geme by the use We cmn string a large antennn arrangement.
of pulse or pulse coded techniques. %hether In this particular instance, at no time is
the increase 9f energy that we can put the weapon at a distance greater than 100
into the water by pulsing will be suffi- yards from the nearest antenna, so that the
cient to take care of the fact that the tranrnission usually takes place over less
pulse is of higher frequency than the than 100 yards.

0I

4 7

I,,_CO/NDS

ia

"I-- 0--.L ... .

Fr0

Fig. 12FM Radio Frequency Teefiefeering For West,,, A
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CONTRASTING PROCEDURES FOR AIRCRAFT

By

Chri.3tian G. Weebar, NANC. MNtES

GE NER AL safety. it In essmntial that t"s qp~

In general, the requirements nd and Inatruments passe@* "a high degree
procedures for inotrumeniing aircraft' of accuracy particularly where iaboro~ory
structures and eqmipment In performing o r flight tests are being conducted in
!zboratory and flight-tost fnvsestigatkonm tp"ieir ner.nitoso n

ofe* governed, to a great entont, by several craIng severity,,

factors peculiar to the fie~ld of aircraft,, In petleoraing estopult and *treatedI
engineering. The factore of weight 04nd" tending tests. utructural.fIi'aht toots,
coupectness in airereft construction izpoe. and vibratiloo and drop testso*A full-scel*
very defin~ite lii~tationsuon the size and ni rerdtft and dynamic testsa air at.roraft%
weight of equipm~ent which can be utilisod equipment, it is gonersily necesoe y that
for test purposeg. In "Wdition, the light- a vurietyofK'~s qantities be meeieaed
noes and flexibility of mircrset structures' mod recorded wkwumaP40nously in urd*1t Oth~
necessitatem the *Use of pick-up "nits whose a ce Imp 1lete analysis, c66 be Peid* Of the
size end mass will ne-t have a significant opetation or %*at ptrformd,, Although A
of fect upo nthe nfcesurknwnt of such% structu'rel numb*# of Instrument.0 are avallable for
characteristics as strain, def[~ction, Us. In at i:-raft test ing, the' h,"4r~ Ast
acceleration, etc. For fligh t toot work, woas.t co4 nky uttlisved fot~obtslniuq; toot
teat equipment must be rugged and reliable. .4a ti dIs the veriable riavsusneo *traln

and function sati afactorily underccndit Ions gee. as used in the' conventional *ýridlg#
resultidl from wide fluctuaticfris In atus.ix cireuIkl with ooss~clatod an9Uify Ing IMu ip,
pheric temnperatures and pressures. engine *airvv !nd ltgvsole reain
and aerodynmuic disturbautcce ot vjb~rrtiow, CII: g,ý*rapob. SBecu e 0o1 itsa .14 ois
rapid variations in frequency m4nd agnitr'e "wtigltiAntd car rispondingcsh 00111, 41100
of~ applied "g " forcea.and cha.,g Jib lwe ractOrIt~ties of the! stvu4tuitee
attitudes of the aircraft. Test equipment Or, initrients to %high it has brien "P40.4
moat also be caoablo 4,kf withstanding -the Mteapa. th otain Kbao hos -

lract forces and acceieratioas axp~rtiseead *wv4loyeot 10r.eS side variety of usies in
dur.Ing catapult end arrested leanding dyrsw.e tests of SAirorat for the Wassurv-
opetatitons. Since aircraft' structures si ete~'~.ain.vaelt Ity, d.iDAcntat
designed within very close *argins of teqwrsturv,. prossuko. otiwrnuoi~ntitiev.

25V -- IL .



In all test work, care must be exercised inertia forces of the projecting engine

that the gages have been properly bonded mass imposed excessive torsional loads on

and adequately protected against damage, the wing structure.
At the time laboratory calibrations are To inirestigate and deteTmine the
conducted on instrumented aircraft, shunt cause of the failures more completely,
resistance calibrations are also made this model airplane was subjected to a
on the test recording equipment. This series of instrumented drop tests in the
calibrates all components of the measuring laboratory. The test set-up is shown
system except the gagea. These resistance on Figure 2.
cal•ibrations can be very readily repoated,at a y ti e d ring the our e a eatStrain gages were moun ted on thea t a n y t i m e d u r i n g t h e co u r s e of a t e s t u p e a n o r s r f c s f e c h w &
program and corrections made, if necessary, upper and lownr surfaces of each wingfor any changes in recording equipment panel near the root to obtain data on

foranychagesIn ecodin eqipmnt the magnitude of the torsional loads
characteristics since the original labora- the m n the to rina tod
tory calibration. This feature is particu- imposed on the wing structure during the
larly Important in test work extending drop tests. Cages were alse placed on
over a long period, since automatic resistance each engine mount structure to determine

the magnitude of the torsional loadscolibrations can be made immediately
before and after each flight maneuver or imposed on the wing by the vertical
test performed, thereby permitting a close inertia forces of the engine mass. The
check on equipment calibration and eliminst- gego installations were calibrated by
Ing the netessity of repeating laboratory applying known vertical loads to each
calibrations on the complete aircraft at engine propeller shaft and calculating
frequent intervals, the total torsional loads applied to

the wing structure. Th* calibration loadsAo attempt will be made toe show some were balanced by the reactions on the
of the techniqaes and procedures utilized airplane landing gear, Dynamic reaction
in the instrumentation and test of full- platforms were installed under each landing
scelr aircraft and aircraft equipment by wheel to obtain data on the vertical
describing briefly a few typical eynamic load-time history of each gear during
tests performhd. ln in h the st aible eiception the drop tests. Earh of these triangular-
of crash landing investigations, it should shaped loading platforms weighs about
be noted that in comparison with shock 1000 pounds and is supported b6y threetests of marine vessels the dynamic pheno- tubular steel pedestats on which at-"ain

mena measured during aircraft tests
generally occurs over a greater time gages have been mounted. The gages arePeriod; rotahi, f rom .05 to 0. 2 of wired in such a manner that they reoponda second or longe.r only to column loads on the pedestals or

loads applied normal to the platform
AIRCRAFT DROP TESTS surface. In addition to the foregoing

During carrier evaluation tests of a instrumentation, NAES strain-gage accelero-
twin-engined Navy fighter, the wing c'enter freters (beam "ype)having anatural frequency

sections of seven out of eight airplanes of 23 cps were located at the c.g. and
brought aboard were damaged during landing in the empennage of the airplane.
1irrmct. The majority of the iandings made IDuring the investigation, the airplaneiwere unsymmetrical, i~a , either the nose was subjected to a series of drop tests of

Sgear or one main gear iLS.Sly contacted increasing severity simulating boththe deck. Figure lallows the most severe zYmM'trical and untymmetrical landingheduring theelandings, conditions. In the Iltter stages of the

A priýliin~ ary investigation of the cause. of teats, the airplane was dropped in such
these failures indicated thmt the landing an otfltude that one main gear received

ethe initial landing impact, the nose gear

I i
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Figure I

and other main gear subsequently contacting A 40-inctt telescoping altmisiu~m cots"ult
in that order. During theme toats. as weighing 8 pounds and containing a Jowder
shown In Figure 1, each lending wheal warn cartridge Isi attached to the vset. bark
prempun to as to have a peripheral speed and to the basns of the tower strutturs,
of,90 mph upon Aff~act in order to simulate- betwetti tho guide ralls. Upon deton~l ien

the actual drag load* imnposed on thao of the cartridge by the occupant. the
gear duigledn. nfy r~eerated by the burning potwd~r

durin landng. lparto an ejection velocity tothe soot-~
Figure 3 shows a typical cocillogiram marns of 60 fps 1n. 4_2 a. ond oval, e

of the data recorded during these dIrop 40.inch catapult stroke. The maxiftliim
test@ and Figure 4 shows the duplication acceleration developod during *jecti~n
of the carrier fai lure obtained in the ranges fcce 1f4 to 19 a'*.
laboratory.

EJECTION SEAT TESTS

In the design avid developmenit of a
pilot's ejection seat and personnel
catapult for emergency escape from high-
speed aircraft, exten-rive ground and

flight tests have been conducted. The
110-foot ejection seat test tower located
at the NAW has been used principally for
the devollopmnent end teat of m suitable
pouder charge catapult, for the rmeasurorw~nt-
of ejection load@ and acceleration&, and
for the Investigation of human tolerances
to various magnitudes and rates of oppii-

cai, f foc*@*r, *r I e tprw;rý!' dur Ii-g o~octio9i, j.r
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Figure 3

Figure 5 shown the Instrumentation consolidated onciliograph equipped with
used an the subjoct during the performance high- sensitivity galvanorzeters.
of tower tests. Statham strain- gage accelero-
meters haiving a natural frequency of 500 The ejection velocity is determined
cpsanmd 0.7 critical cdamping are mounted by means of a fixed coil located on the
on the subjects head, shoulder, And hip. side of the seat structure. The c~oil
A similar accelesrometer Is mounted on passes over stationary Alnico mamnet.1
the sent structure. No amplifiers are spaced at 2-iuecii intervals along theused with theme accelerometer*, the tower track. The current induced in' the
outputs being recorded directly by a coil by each successive magnet momentarily

deflects the galvanomneter element causing
"a"blip" In the oscillograph recording

trace. Having tine and distance, the
~ velocities can be readily computed.

A measurement of the internal pressures
AIL developed in the catapult during ejection

Is obtained by means of strain gages mounted
..... circumforerntially an a copper-berylliumni

tube having one end closed and connected

to tile catapult chamber through a smaller
diameter tube. The tube is packedwt'IMB l silicone.; a;:aeso:tat the iniu1tial ithm9 of the catapult will not be significantly

Urg* iw the ihInealctp t

toutratreodeveope duing jecion
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A typical oscillogram obtained during
tests on the ejection rest tower is shorn
on Figure 6. I:

Figures 7 end 8 show the Instrumented
dummy used for ftight ejection tests. Three
NAES bonded strain-gAe. accelerometers
(beam type) having a natural frequency ofa
2S op@ and a + 20 g range are mounted p

along the vertical, fore and *It, and
lateral axes of the dummy. A Heiland
type 401R oscillograph equipped with
high-sensitivity, Type A gslvanometers
and a power supply rit mounted in the
cheat cavity of the dummy. The oacillo-
grsph is started by remote c*ntrol immediately
before ejection atd acceleration records
are obtained on the jeat and dummy during
the full ejection sequence, including
the operation of the seat parach4 tea.
A welf-contained, 3-component, nechanitally

Reecd Not 71. "10117 53.8 rs/see

Seat W41 I" no.

RJOGU~M ft& 9Dt. 3 in.
Data$ 20/23/46

het Aft- MUM

'A]

Fill~re

1..0.. 6 w a- !A a .."
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recording acceleromipter having a natural

froquency of 40 cps and a range of -130

ia now undergoing evalufftioll tests for une

In futuire dumy Instrum~entation.
IMPACT TESTS

In the development end test of apiloti

seat capable of sustaining 40 Z fore-and-aft

crash landing loads, occurrirg in a time

period of .05 seconds from impact to peak,
dyr~mic teats were conluctewi In c~ Arop teat

machine. The seat and 200-pound dummyr

were mounted face downward in a rigid-En" ' jig attached to the drop teat car. The car
was onpe na wooden block 20 x 20 inches

In cross section, on top of which various
Figure 7 gradeii and thickneaaes of rubber pads had

been placed to give the desired accelera.
tian-tinie loadinga, n the seat. The test
set-up In shown In Figure 9.

I ~A

Figure8
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During these toets. teosion links on
which strain gages had .een mounted were o L .
Inserted in the lIp and shoulder straps 41
to determine the magnitude and distri-
butiosn of the loads in the harness.

Statham accelerometers, +4+0) C, were fftcnted
at the c.1, of the teat car ao4 the dummy.

In some of the tests, Bureau of Standards
dynamometer rings were inserted in series
with the harness strain gage links. When
mubjected to tenm.'on loads thaei 1-inch
diameter rings are permanently elongated.
By measuring the minor diameter of the

elongated rings, the maximum tension load
can be determined from a calibration cu•ve

based on static and dynamic laboratory
tests. As compqred with the @train gage

"data, however, the waximum harnass loads
determined from the dy".ame'ter rings

were consistently lower. Indications are

that the elongatioto of the ring actually
lang the applii-.d tension force, par-

ticularly at high rates of load build-up.
In addition, there seems to be some erratic
elastic recovery of the rings following Figure lO shows an osciltogram obtained
reimoval of the load. duiring these tests.

........................

"ii lT

~' ii; :' ' i-l T fj I J ll l il !~
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DISCUSSION

E. KLEIN, NRL: We have discussed W. E. BAKER, LOS ALAMOS SCIENTIFIC
similarities and differonces of three LABORATORY, SANDIA BASE BRANCH: What
mein types of inst;umvets which were type of recording oscillograph have
used in field operatllon--the velocity you found moat satisfactory?
meter (which is an especially suitable C. G. WMEER: In answering I belie,,,
Instrument in qhips), the accelerometer I will call upon Mr. Weiss, who is pri-
for ordnance, and the wire strain gage marily our Instrtument nwn.
for aircraft.

G. CHMZTOCK, DTMB: I would like to D. E. WEISS, NAMC, NAES: Thrett types
ask about the Bureau of Standards rings, of moving cell galvanometer cameras widely
What do they measure--acceleration or used in the aircraft industry are ones
force--and how is it applied? manufactured by William M1 11ar Company,

C. 0. WERZi, NkM~C, NAES: The rings Consolidated Engineering, and Heiiand
measure the maximum force developed in Research Corporation. Each has advantages
the seat betting during Impact tests. They and disadvantages. Milfer and Consolidated
are inserted in series with the belting. cames are usually made with galvsnometers
These rings are initially circular. Under numbering from about 6 to 36 units in
load, they are permanently elongated, one camera. The Miller oscillograph hsaand by conducting previous laboratory a much better optical system; theresolutionand y coductng revius lboraory of their recording trr~ce is much finer.
calibrations on similar rings and measur-
Ing the minimum diameter after various In general, it is much morte suitable for
loads have been applied and relaxed, the field uje than the Consolidated, although
approximate magnitude of the loading can not entirely so. Consolidaited has available
be determined. There Is some difference, a greater and more useful variety of
however, in maximuni loads measured In this galvanometers; they make very sensitive
manner, due t apparent differences in galvanometers with a natural frequency of
the static and dynamic calibrations of 150 cycles per second, c-rit..iab .. useith
the rings with respect to the rate of no amplifiers, at applied frequencies as
load application, high as 100 cycles per second. These

0. CHERTOCK: What is the material! of galvanometers are used with DC bridges.the rings? The Heiland Research Corporation manu-
factures a relatively inexpensive, convract

C. G. WEEER: I think the rings are six-galvanometer camera. This unit has
made of SAE 4130 steel, about the smallest volume per channel

A. E. McPHFRSON, NS: They are made but records on paper which is only two
of SAE X4130 magnaflux quality, and the inches wide and le devoid of such re-
quality control is quite difficult and finements as auto)nqtic record numbering
expensive. The theory is that the static and remote control facilities. There is
and dynamic calibration should be the no w"y of selecting one over the other--all
same, -which we have found to be so up are good in some respects and deficient
to 8 fate of loading where .02 of a in others.second was required for reaching p"ak E. la-EIN: In the next Bulletin (No. 8)
lad. Above that point we don't know, which is mainly oar instrumentation, many
but it seems reasonable that we could of these Instrumanta, inc.udinp vings,
go to even higher rates of loading, are described,



K. W. J0IPNEN, AMC: Whet type of inch ptr 1. which is evaluated stetically

recorders db ybu use in f'ighter ircraft and not dynaumically. The gialvenouatera

C. C. on fighter type do not perform as well as that undLr

planea, we have utied Miller, Conoolk.-ated, shock toots.

and Helland oaclllographs. There Is a We do give very seoious attertion to

special problem in Instrumentation on the effeCt of ehSNOCk on 8eIv&,AJter*, 1i6

fighter type planes.-the F4U is a typical time ago a teat us* carved out by ot-w

example. In that case, all o: the radio of our Contractora, Thi eatrmnoaus e0fects

equipment was removed, and our equipment upon the gialvanometer* were about 75

warg mounted behind the pilot's seat. That, percent of the peak vsadi~hgs which weto

am a general rule, is the only available obtained during the test. By Ilolating

space for installing equipment (in the aft the galvanometers, these resulta were

section of the fsoelage). The installation ve flrtied.

of test equipment very often presents j. PSY, R.N.S.5: We tried to ise

difficultie*, in trying to achieve a speci- strain gages on the CAMERON, but we

fled or satsfectory c.g. locetion on the found comaoideable trouble with them in

liVflCI for flight togt", the field. Do you use them to a large

0. D. "EROML, NDTS: Have you investi- extent In aircraft In flight, or do you I
Voted the direct effect of shock or have laboratory conditions for most of

acceleration upon the various types of your teats? Po you have any tips irf
galvwaenneters? techni quev?

D. E. WEISS: Galvanometer$ usod C. (J3 lWMER: Probably the beet im*

during our tests bre Checked stat•cally only check on the *train goge Itself Is a

that is, the recording oscillograph is that great care muet be etitfeised when

placed on all six face*, thus lmposing the gaee is appli.' to the etruetur.s,

a I.g load on the gaivanometer elements and I believe Mr. Weiss hae conducted a

along three axes. If the effact* of this series of tests in the laboratory where

static load do not exceed, roughly, .01. different bonding mwthode have been

inch maxinum deflection of the trace, they investigated. The followins asa the proce-

are consldered satisfactory. In flight dure of ,pplying giges to Ahe external

te*ts wa ,,.,qauly _pmly the Output of structure of a 0ecplaiw, which 1e probebly

fixed resistaraces directly to the galvrorv- the most severe condition that you will

meters and thus determine the responise of encounter. In this case, the gsgos were

the galvanometer to the mechanical shock. cmen ted to thestructure wi th .uca

Usually, by selecting salvawnetonrs or the ze#ant and allowed to dry for 24 hours.

bais of these two teats, we can find those Then the asge area was coated hearvly with

which will not introduce very serious Petroeene wax and 2-i,,ch-wide stripa of
errors,. By " serious errors" ! sean that airplane fabrlc were wreppei around the I
if full scale deflaction of the galvanro- structure and thent heavily doped ordd i

mater is of the order of 2 Inchea, we allowed to dry. This was rupfstd Jtwo

would not permit galvanometer itace or three times. Alos, a coating of Neoprene

deflections of more than about .05 or .06 cement woo put on the gases " subject•d

inch under severe shock-.these deflections to heatirtg and drying by itsftra-red la2p.

being mesaured with nr elertrical signasl Finally, a met|llie -over was placed

or with a constant electrical slignal e!o~rwid the structure. We toao stlrain aoes

applied to the Salvanometers. The volvae-'0- qult# extansolvely in, aircraft t*4.,g.

meters which we putrchase we unuully select snd grest care must •1,l •ee•vrv*A ii,

Individually from a lot. The cri t,rion for %pplying them; hvit tiey have bhenv ,ellioble,

this -Aelection is thot the dfirci1on ouf Ili thio rpiticulariw, w~ h tho

the geAvsnometer trace rno• ex•ce 01 Vi frp e(tae VCR Qi.ble•OeC1*t ?n r,,l' W't Of

S!,
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leIding., ths gages are still Satisfsctoiy - i attested to by load calibrations of

after five months of testing, the structures before mid after field tests.

D. E. WEISS: Such elaborate pre-
cautions are not Always necessary. The F. F. VANE, DTMD: We have applied

case described by Mr. Weeber is a rather strain gages to ships, particularly below

extreme ome In which the &age was external the water line on structural members and

to the seaplane--m rather difficult set on shafts. There are two main difficulties.

of ccnditi~on. in ordinary flight One is to be sure that the surface is
tests, it is usually sufficient merely to cletn and dry. We have used grinding

cover the gage area with Petrosene "A " wheels, etc. to get the surface flat

miax. Our tests usually extend over a I'ather and clean and have even used hait dryers

"long period of time. Out flight test. to make sure the area was dry and mit too
programs are rarely coupleted in less than cold. Then we used Duco cement. Oages
three months. We have every reason to in.,talled in that fashion have stayed put
believe that the gage is satisfactory, for periods of months at a tire.

low

I
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M I EF RESW&~ OF

RFLM4J BR~ITISHI SH~ (X T RIALS IN SHA MS

JF . Shaw, R.N.S.S.

This rp~ier deals with flow etin results &(%4 coarx~laio~ row~ tr isis ra r 44

out recently on ships. inclhkditig the broad characterinficla o~f shock rer. item thPr "INh
out the surface ship ande the siehimrinie. The anxiin* meverIt Se of Vhock rec4urdel i4e
f he trio lz are t.-bulated, and fthe rk~ipn rgqtzire~nrafor sarik rpilta is, alrt w

a neI equiirrent are disctased. The extvint to which earlier thenriva hava heen jet* I itie

mnd the gaper in present inflrirmt in (in shock in ships a re: oti Iin

INTRODUCT ION I
It to the aim of British designers of (2) The submarine pWnTrM when out-.

naval equipment to design their gear to f aced, and ARKPAT -j.013 -9(,the

withstand shock In ships up ý,o the saint section of on A clots subgstrin.)

of uncontrollable flooding In. the section toth on ~thes urface and When

of the hilp in which the gear is situated, s~re

ejther by making the equipmont In. 3 R otlc
heremtly stron-g enough to withstand the

It has been -out pgit ict in Shock In
imaximuln shock forces and movemnwits wkthout sh.tia tiatl erdrodte

daenngVe or by mounting on flexible aupPGIýFv

sevrit o shckin atre nto~ of spartdt"4p. tt* O5ifistiflgI
To further this end arid to incre4ia. do ~ d ti h nV. great ridigity, ift-6r41V

o u r b a s ic k n o w le d g e o n th e n a u e a d t o b a n t e ,,6 ,4 1 m v m n s o f i e
seeiyof sh ock un difeen theso moves unabscuroed I 'local vi'lriations an

oil shp, up o thepoint of %uncojbtrollWblC the port&6 ffr III Altb i two* whwfOtri

f loading, experiments are envisaged whlich 0.en r i'h$i ,i `r ,V.UM01tts orýIý is iWu.ft off

will eventually cover the range off ships#I

f rom u bma r ine to bat tlIeship. Teaeeo~n'ir~r~ r ~r
i'*cords Multiplied by th~ Rostse hfiiId

So far shock tria!$ have b;,awn coM~leted jivs forces oxeri~pi by_ its* 0,4Pe't* on t~ho

against the following ships. iteafA eiod b~ tho 11#60 0" 00# SmOPpnt

Thee .at o srve a tJIraefol'd PrP~o.

(1) The ricstroyers CAMIPRON mni (1) To dv~tvrftin4 #ha L0dily Nov 0XW"

AMDUSCADE -the lattf el, ra etend o otekjocto;

our knowledve of shock setv'enties (2) To tote, 0 isft~tofisc for er~nl'

in destroyerl 11P to the pnint ~ ,ae~ s In dtot~ea

0. unCojntrollabjlV (firiding Atid 0664106 of willp"

to check the hbroaf contclusions (3) T SitIn c4iau fri, Xharc4-<

fore~~i .~tt tt t- (~.A~siew. tv'-'It wee



36 Conftdestiat

Irk nrlditiorn to records taken on_______?_%AV^ Arecord.s have been ta-k;zn of tbo. movements uf 005oS005
Mahiery itemsnes an us
DE~rR0k-URSm oo

As the CA/WRON reaults influenced our • 0

instrumentation for later trials, it Is .
probably opportune to i'eitcrate some of

the broad conclusions from the CAMERON .. U... SECONDS rtrial before proceeding to discuss the Acetlerai- oktorved w• Buhehad 99' A trAnsworif,

later ones. 8 vertbc4l. C k*n9itu6&a1

Figure 1 shows, the shock characteristics Fig. 2 Typical Acceleroreter Records. 300
on the hull framing and plating as recorded P t Amtol Fired 200 Feet from Ship's
by piezoclectric accelerometers. High- 'SiIe, 50 Feet Deem.

frequency accelerations amounting toL:, several thousand v can be seen on the

recorda for the ahell plating. Figure 2 A.5 no large high-frequency accal-
Ahows the shock characteristics on a erntions were recorded on CAMERON except
bulkhead iwonediitely above the positions on the hull structure, the evidencejfrom
where the hull records were taken. It these trials indicated that directly trans-
will h'e -seen that the high-frequency mitted stress waves set up by underwater
accelerations are severely attenuated and explosions were of insufficient intensity

do not exceed the medium-frequency accele- to cause failures exceot in very brittle
rations, This was also found for items materials. Failures weie caused, in
of machinery. general either by relative motion between

independent components lending to mechanisms
failing, opening and closing of contacts,

Figure 3 gives typical shock character- etc., or to relatlve motion between dif-
istics on the shell plating recorded by ferent parts of the same item, resulting
velocity meter, wen Figures 4 and 5 typical in excessive strain at points where there
characteristics of shock on a bulkhead. on were large bending moments and thus
a i-ton casting retreeentlng a machinery causing either permanent distortion of
item, and on an item of machinery, the parts when the material was ductile or

fracture of parts when the material was
brittle.

Thus velocity meters were chosen
o______._______ ma our main instrument for recording the

zSI0Q( .s characteristics of shock, as we could

z obtain more readily from velocity time=soe! £ recordv information on the damaging
.o0o characteristics of shock (i.e., accel-S300 "i erations associated with di spl acement,

o1 AP maximum velocities, etc. ) than by uaing
0 0,05 'a-.. •' . ooccelerometers.

TiWE - _CGINDS

SIn addition to the characteristics

0 recorded by the velocity meter, items inj Fj•. 1 Yypical Accelero,-,rtef Recr, rd.a 3LW the •'iLp wil I be e-bj ected to force.
Ponaris Amnatol Fired 200 Feet from Ship's caused by the bodily movement of the ship
Side, 50 F~et Deep. as a v1hole and by the vertical oscillation

.I



of the ahip as a free-free beam. Although i

the accelerations from this cause art low, I it

the diuplacw.timvii are highi (several inches)
arid such mo)vements can reault in failure lot~

to certain classes oi apparatum ( iý.g. ,
gy~ro- coirvaana sutipensions) unless mowitings
are designed ft protect against these low.
f requincy ( 2- 3 copu) hig&h-di spi cemen t
oscillatsions.

The second destroyer to be used for
controlled shock trials from noncontact 3
underwater explosions was AMBUSCADE.

This Vhip was an A class destroyer built 0
in 1928 and had a length of 322 feet, _____

beam of 31 f~et, and a displacement of

1700 tons In her trial condition (draught

rTSE VR'ICLShe Il Plot in* on CARA 300 IPneirola Aemis ol.
X0 Feet (Jtth'.I.. 500 Faee Deep.

rT/SEC VEICLthe after engine-~room bulkhead, and inhttu-

ATHWART SHIP metpmtoxwPearcIcdacr1.y

SIf Skth. phrincpa wr49Instrumsent posititor ns

MILI(ONS MISCMthe hul npukooltlonst decks, and ana
* * -~~*-------- ~ c 1hrer fIred, and h.crsu.$. igts

Fig 4 ypial Velocity-Timge Records an A
Bulkhead in CAMYERONI. 1000 Pot-nds Annfe!,

.:*o Fe!et Outb'd.. 100 Feet NOP-' rrsit

10 feet 8 inches forward, 10 feet 3 Inches

aft). Similar dimensions for CAMER~tl

were length, 314 feet; beam, 31 feet:

(draught 8 feet 2 inches), f~ t

Both AMWSCAIE and C2AME" hand f raningJ

I foot 9 Inches apart, but the AM[SCAI1F
frames were somewhat stliff-r thanl tlhoce

on CAMERN. while the shell platinc on

CAMERON was, in general, thikck-rtha

on AMBUSCADE. i--. T .tV,,-r i*~.i4 '
Two stations In A.~W*werre chotion *i.hgne~rr i1--a 'w V.rN~ ;fj~F e

to fire agcainst. one ilf ormt f :It ,L 'h"Ip r' H .I.f beep. t~

br eak of the fro' catle A"d 'ne Jus bi .lf 1 41



Confidential

In •idditioa to the main shock tests, a This experiment did, however. confitin
number oi minor shots (33 pounds Torpex) the indications in the CAMERON report
were detonated at a distance of 140 feet that under the rates and duration of

from the hull and at a depth of 130 feet loading caused by shock in ships, the

in ni attempt to increase our knowledge yield points of mild steel, cast steel,
on the dynamic properties of r,mld steel and D.W. steel were considerably increased
cast steel, D.W. steel, high tensile brass, and that for stresses somewhat above the
and Admiralty gun metal at the rates of static U.T.S., little permanent setwas
loading experienced due to shock in zohips. recordcd .fr the high tensile brass and

For this experiment, a mass of 900 Admiralty gun metal, little increase in the

pounds wae secured to Its seating by two yield point or U.T.S. was recorded.

e under For design purposes, the permissible
observation, in lieu of holding-down bolts. stresses for the materials could be
A velocity meter was mounted on the mass, increased as follows-I and it was hoped that the forces on the
specimens could be determined from the Mild steel fron 16 to 20 tons psi
deceleration* of the moas. Figure 7 Cast steel fr 16 to 18 tons psi
gives a sketch of the arrangements. D.W. Steel from 184 to 24tonspui

The shock forces were not purely Characteristics of Shockvertical, and the horisontal component
tended to distort the specimenz and introduce The characteristics of shock on
additional friction, which to some extent AMBUSCADE, recorded by electromagnetic
complicated the results, velocity meters on masses on the shipsj ]NTRUMENT POSITIONS

i32

C H A P.)GE. KOSITIONS

- _150 

5 7,KT N

'332 -TTN

700 1 BS MINOLIAA

w ,)0(tsa rI tO 5' 0

Is t 
I 

i

- Fig. 6, HMS AkBLTk.4JF

SI-, . ' " ,



Congenmial

fram ing o r m as es , on bulkhead a and on rVELOCITY Ht t

decks, are sliven in Figures 8 and 0 for K
shot A.3 (180 pounds Tarpes detonated

137 feet from the ahips hull at an angle 5O00 L•S MASS .

of 300) 75 feet deep. 0. 12. -

DI
Figure 8 gives the vertical cimOnente. s .

The maximum velocity for these component s •.. •*. ,

generally occurred at the first peak Ss

(as found in CAMDM), and this component

generally decays without exhibiting any A

lower frequency components,

Figure 9 gives the vertical., athwart-

ship* and fore and aft compwonenita for No.

60 builkhead mad shows the relative severities 2- INCO LENGTH

of these components. PEDUCr)DI SHAN.K. '

The maximum velocities for these A

horizontal coioPnents rarely occur at the

first peak. 'l .

For comparison, ome 'of the velocity- I
time traces obtained on the CAME trials

are given in Figure 10 (depth of chot, SO

feet).

There are three main points of dif- II

ference between the broad characteristics

obtained on CAMION and those obtained

U nn AMBUSCADE:

(1) The. time to ,aximum volocity of Locx NUT

Itnasses on the hull and on bulkheads in DEXIN. WASf ,

AMBUSCADE was much greater than that

recorded in CAMERON. This can Ixex- BRASS 01J1V c I
plained to some extent tW the shell plating

bn AMBUSCADE being thinner and more

(2) The decelerations ott masses te- .

presenting machinery itemsa oi the hull

were a higher phrentage of the ecceO.1-

rationa than on CMEi)O' and. in sme cases,•! wesre actually greater tba.n the 4ccel v-

;•.rations. The decelerationls, me shomn In the PFig, 7 HMS AWEGM. Dynair Ti , 041

CAMMUN report are influenced to ,o01 B) DetA494 of Teat Tace. i -.(C) LAnIAs., of

eXtent by the stiffness of the sh-p # section Retaining Nolte.

rather than the stiffness Of the shell

plating; and, gi the framin in A..... U (3) The freqncy of osct!!=tfei. -

was auch stiffer th- that on CANOM, it to minigoa n the decks of RAWL1CALE was 90 W ,

-.suggested that this is at least pV rt 'y 1,,w t h I-Ier |than thvOse lr*,0rd#4 Ae

. r~ponu e r"r t- c • in the broo• Th n�s.a due to the iotrAfllY stiffer
•.= ~ ~construction of the docks sou a =h

characteristics of shock.

A.-'
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00 7' 180 LNIS TONIPF FlES

FT/ SEC 1020 L05 MAL'. ON 630 BULKHEAD

Si - 19813 LOS. MASS ON BOTTOM FRAMING fX, 
I7 FET RM H HL

(L)- 587 LOS MASS ON 47 BULKHEADT (~

G3) - 1100 I BS MASS ON JtOWER DECK (In.)

0-400 LBS MASS ON UPPER DECK (.___

Fig. 8 IIAS ANO(StDE. VelcifY-TIWOa

C~wrcterjatia. 0 - VERTICAL COMPONENT
ID - ATH'WAANTSFII COMPONENT
(D - FOB.. £ AFT CSIPONrNT

Characteristics.

VERTICAL

VELOCITY 101

FT/SEC. 3001-11. AMATOL FIRED

B159 FELT FROM 'rIE HULL

44

2

f0 - SHELL PLATING kfNOR MAL)
C2 ONE TON M A-1SS ON R OTTOM FRAM ING

(5 99 BULKHEAD

(- ONE TON MASS ON UPPER DECK,

Fill. 10 HIMS G4IIAMO. Velocity.Time Charmc.ter is tics,

-ý



The characteristics of shock tre of Th. waxisimi~ valit'a of ab.Ock saevtity

importance when considering flexible mount. are given In Table I arid cog~ared with the
ings for machinery or equipment. If maximum oseventies of shock In CAMaE".I

4 structures which give the assembly a low aeverity In AMBUSCADE, except on the
neture! frequency, flexible mounting. are dcs i o uadta .oddo 1
unnece saai ry arid, Wn eed, m _-t evon do hawi C AMERON trial ,
uniless carefully designed1 to prevent
bot tominp. SBAIE

Shock Severity in Destroyers The rstut* and severity of shock In

submarines due to noncontact underwater

was found that the most severe component explsionst was umeasrned in shock strfals
A. reultof he AW~4 ria., t eplamonat wubasrine~se inTE *hock turfaced

of shock from noncontect underwater ~RKTJn9(h eta

e.-Mlosions was the vertical one, and that notim of an A cisas sularlaco) 6ath uuar-

theverica s~ic~ carcteiutca faced and suberg&A. It was not possiblo'
(maximum velocity, initial moon accele- to carry out trials against F'-3TV1S whei4
ration, and first pieak of displacement) bm Wiliserged, mes there were no lifting ctoft

snsibly AIlnear relationship with aval~l.b to Value 01m 4'. in of submarine
Wsin 0 whero W - equivalent charge should compartmonts flood after a shot.

D REM~AT JOB 9 guy.e a I ink between shock

ad0and D defined, an In Figure 11 is codiio1
to the point where plastic deformction of codto a. ~mM lmsata n

the hull occurs. This &G;-isIbly lin#& FY9 aaaPMt ls$bt&vl

relationship in the elastic range with laid downiIn 1927 and had the following

a in 8 which we call the shock factor 4Iimonsione:

warn verified on AMBUSCADL, and typical displacement 1475 tons

plot* are given in Figures 12 to 14, &if fOct
which show the relationship between this d paernt1767 tons

parameter and the maximum velocities, SLwrCa
initial mean accelerations, and first dslcmn Wt~
peak of displa.cement for casting on the aipicoment during

hull, on bulkheads, and on decks. ushock trials 18iW tons
The approximate formulae developed In Length (eutrene) - 2H9 ft. 2 In.

maximum values of velocity AMd accelerationl Preosure loull

for machinery items and Items on bulkheAds plating 1 5 lbs. rf

held to within 10 percent for h~emw In Fratwi apeclng. I f t. in I
A&MUSCADE, but it misat be~ repmabered that Nj.2atNo bt#1 lup Wf
both these ships were built on the tranitN.,adNo 1btey ruswr

verse framing ayytea. and the more modern r0=1yed6 frcrdl the lulftanille printi tel thfl

longitudirial system may apprecialbly affect ,1
the application of the CA*h"JV larmulAr- F~u Pmvlor W0 oitins. all ara"illiit"'

detonated 36 .5 feetllrom th: hP "j Ittiis way i T in pf~lblii~f*. with~ 44,

Just d~~~~~ptb ~.t rdi fI! M I .0), h 'F~C ,eI
of 25.feet. J/W 0.4Sri (c, ,,.iIt fi r
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1. . .i . .. .

TABLE I

COMPARISON OF MAXIMUM SHOCK SEVERITIES

CAMERON AMrUSCADE
MAXIMUM MAXIMUMi MAX. 1sT. PEAK MAXIMUM MAXIMUM MAX. 1ST. PEAKITEM 'VELOCITY ACCELERATION DECEL. DISPL. VELOCITY ACCELERATION DECEL. DISPL.

FT/SEC. -g INS. FT/SEC g g INS.

V A f IA A IF&A V V V A FAA V A FAA V V
ONE TON -JMASS ON 13 55 15170 28 20 70 1.6 144 -110 40 - 120 1'5

MACHINFRY
ON 222 -220 24- 110 2.3 16 18014O5y- 90/100 -

MASS ON
LOWER 8 - 25 - - 1-3 14 60 60 13
DECK

MASS ON
UPPER 16 -- 40-- - 29 7 45 40 J.
DECK

MASSES '
ON I13. 3 3 130 20 15 4--.... . -__ _l_

BULKHEADS J 3  ~ Z 02 0 7
SINGLE 1-

47 INCH 7 25I
GUN L_ JJ t _

V - VERTICAL A ATIIWARTSHIP F& A FURL a AFT



(draught 16 feet 10 inch.s) and to !have and ooper crusher unitarer I~berlly used
-reverve of buoyancy by blowing the to bact top the reedinge sef the lreIoC&i
t"@a. Arrangements wore made st; that motei a
Nav. 4 and 5 main ballast tanks could be The first series of omplosaits, using
blown (by H.P. air) from the bridge in the hedgohog (33-peunti Torpeai) charge,
order to recover reserve buoyancy before viore meds, to deteroine, the anal* at wisich
entering the submarine. ~ piu hc ffcs0,~grde

No. '9P bulkhoad was c!.ODa. ase quiptant In a surfaced submarine as a
main .t,.Ion to fire against, with a fow result of dropping depth charge. at a
ahots .. gainst satitons 130 and 137. giv~n horisorntal distanct fvc~u the vessel.,

it 1-ton casting wasi~~j~da The remaining and more severe shots.

a tation 92/93 on the starboard aide and a wih .d charges of 31$-pound Torpes
~4-tan casting secured overhead Ut station 33O-Ipbund Minot, 4S5-pound Minot. and

86/87. B~oth were fitted with velocity 2000-pound Amsate. bore chosen to determine,

metera for recording the vertical and the vulnersibil Ity o! the various itmat lofI

athwartahip eoff~onents of the shc motlcm. equipment and the affect of varying' Oth

Insrvmnt wee fttd t th pessre weight and composition of the charge.

hull platins andt fraining, the main engine, Characteristics of Shock

main miter, switchboard, to various Items no characteristics of sloAk tecotded
of auxiliary machinery, and to mild otool on the pressure, bull PleAyns and frpAmin I
dumic cell, in a small battery tank. The on- onr the various aachlnro;% !toe z-.
general layout of Instruments and tha casting are given In ?ISgui'oe 10 to 29,I ~charge poisitions In the piane of 90I
bulkhead are shown In Figure 15. Relative Figure 16 given the velocity-ties.
displacement Indicators. reiranance meters signature for shelf plating and fraoing

A P40OP1Of Z.INL'~ W

BL ......

Fig. 15 HySM( nstIv1



a 33embly ecrped tchare detoatind (8feth
"wegtof the mregnue hlt ssta tcon 90 bend

J~ ~ ~~ ~IAJV YOAin FA I fwbre b hetNjcnt fae) ad
0STANGARD TYPETin sgnw a tuver muc h igh er stan thrtcrr-

VELOCITY METER) in Frnmequ7nc, tIN gvelotya recordued onfh

theordessurte htudlr vplocity metwerFrames

74 and~ 175 an howgvs the shokeigature
veonithe shelpatweng belowthng on cramting a

FjS, 16 AR/DRTJ alcvTrea stations 973-74. the relat ive vo~oeloc ty
Owra'CtiaTY c MEER inV Feter 15). 33nlnyo the whc h r cerishti o n thecis

Torwx ird 4 Fet romPrssue ull~ astingmb dl o thcu ed ton th pasting (tehed

(STANDARD it ostation 8/8, ahvllcr recorded by the

stan yth tndardtyeo velocity meter. hc

Zo' ire 48 FEET FROM PR5 R prsueHl, atn n ntetncsigoehULLAtsain8/74l eoddb h

standac.rd typ f eoct mtr
VERTICAL.an 

0 (1inFg.1) ()~TnMBBO



Cok fidfrn tioi•

It will be seen that the maximum In addition to these char wtorl/ilc.

velocity on this pressure hull plating, thwre it the low-frequency oscilIatifin

although slightly nearer the explosion, consed by whipping. MD reliable whipping

was less then that recorded on the pressure rce~orda were obtalned on this trial

hull plating in No. 3 battery tank. The but it LI hosed in luturo expertments to
heavy thickness of plating made this record the whipping of suotarines caused
possible in conjunction with the Inerc=ateJ by noncontact uidi,.aviwootwe,,.

loading on the frmies in this part of the h Severity

submarine (engine room).

The shock signature on the two castings Itur as found the st a blvne
ThO nurfaced and charge, dropped at a ltivenshowed no pronounced high-frequency Oscil- heir ison tsa| distance from the axis of the

lation, and the athwartship components submarine. the greatest shock effect is

(Figure 18) were very much lower than produced if the charts eupioeles on a plane

the vertical ones. making an snvlp of 370 - 300 with the

FiAgure 19 shows the shock tuignsture horizontal at the amis of the out• Atie.

for the main motor and main engine shot The values of ýaai|mum velocity and
vertical ly below keel 59 feet deep. initial mean accele#ation re-ordod on itesso

The main engine records indicate that of machinery sod equipmnt for a given value

the position chosen for the velocity meters of shock, factor were considerably lower

".na, not ideal, as local vibrations appear than those recorded on destroyers, but

to mask the record of the main bodily th-e submarine. wIth. *^Sg ati.l Wod. Chldir

movement of the machine. pressurst hull, can withstand a very 'much

VELOCITY

\!1 LC•T. VERTICAL~

2

T ATHWARTSHIP

VELOCITY
VERTICAL

FT/SEC.I

ATHwAk!TSHIP

Fi Ia N/ wrw-Vtrtyrfp(rffj a c aJ P.'W 4"ot fv 8f

from Pressure Hull. (A) 1.w Mass on Tank Top (0 in 1Aj. 15), OPi I" 1
10..* 1 it 441 s•

Qearhead (C in Fi. Y5)

II



Confientiaw

higher value of shock factor before hull Mont of the machinery and equipment in
failure results. Thus, there is little PLOTAYS, waii of obsolete pattern, and minor
difference in the maximum values of shock failures oncurred as the trial progressed.
severity for machinery in destroyers and in Securing arrangements of most items were
submarines at shock factors corresponding inadequate and requirtd strengthening.
to hull rupture In each case. Strong recommendations to this effect

The final shot giialitt P •DTEU., which were promulgated ofter the trial.
caused severe damage In the externals This trial gave us the necessary back-
and minor leake in the pressure hull, w~s ground before commencing the REPEAT JOB 9
a 180-pound Torpex charge detonated 23-25 trial, as It gave the necestiry link
feet from the pressure hull and at a depth between s fully loaded submarine and the
of 21.5S feet. o 0.7). submarine target.

RUPEAT JOB 9

The maxinxain v'lues of shock severity REP-AT JOB 9 was a specially-built sub-
estimated from the relationship between marine target vessel corresponding approxi-
shock factor and shock severity which vould mately to the central portAwn of an A class
have resulted had this shot been fired submarinA complete with externals and
abreast the various items in the submarine compensating tanks and fitted with salvage
are given in Table II. ends.

VELOCITY
4.

FT/SEC. VERTICAL

/ \If - MAIN ENGINE

j 'I ~~~AT14WARTSIIIP vN% .-

tIILLISECONIDS

"VELOCITY
MAIN MOTOR

,FT/SE. 

,VERTICA

FF4
A TH WARTfilP

Fig- 19 HOS/M MOTUS , Vlocity -Tirm Ch3racteristics 33 Pounds Torp,.y Fired 43 Fert

from Pressure Hull.

I
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TABLE IZ

H.M.S/M. PROITES

WtR ! k"AC At ý4%,'Aq tl,00V

I'rEt1 M -MM k!... I. A-. .. . . . N t I

PREssuRe HULL ZIs

PLATING' 50

PRESSURE HULL

FRAMING * 
I. 

, ............ 11ONE TON MASS 15.4 173 1 t 5 0 40 0
ON TANK Top . . . .. ... .

HALF TON MASS 12 5 10 1 5 5 3 60 O

OVERHEAD

MAIN 105 100 ? l 6 5 1ENG1NE

MAIN•z • 9 • O
MOTOR 122 8

BATTERIES 12 21
"LExIBLY MOUNTED)

PLATING A FRAMINGC Ri 'ORD'!; 1ASN NORMAt TO HUL1

The demenslons of REPEAT JOB 9 were The tollIng li"M Were filted in Ithe

as fol lows mairn Compr trmnt:

Overall length 81 ft. 8 in. (1 3 Tic battery tAek , Poch ncanla ninin "
36 A tifte 4utxsfin* Calls &'%d

External diaeter 4 mild il.e! 4 et1s ( of the

of preasurehull iS ft. 0ie welgb# Ln4_gle & Aiia

Pressure bull submarlne"cello) fitted:ylth

plating 31½ lb. psi
(G.~2 Quality)~'aw i

Breadth over ex-

toenal toake 20 ft. 8 . th* battery t83k vo@dvtk.

Displacement for (2) one ballast pqp (60 lota/hr. At

aurface -,ot" 100 feet hWs*) an 16 Al M f Iadbl

(dratight 16 ft. 6 In,) 4914 tons suotlnls Type 250 (8).

Diaqlaceazent for Ght trtmauingWW 02 ( ~ SsubmIerged shots S45 timi" 24 (st hiad) on. 4 - XL ftlabl.

Negative buoyancY for ounl.it Type 250 ii)."

S• n#Three W6 a-a tons .4, -1t1li

Deugd weighlt wbnpTrt 
o sellCais;

fu ll o f W at 'r. h1 0 l ) r3bo t

( iro•.) r~t~e~fl�t�ti alalirv s.fj*gPy

__ .-



(4) Miscellaneous items includingdePth pressure hull, can be diffracted around the
gmtoges, standard valves, H.P. air hull at the velocity of sound in water,

sy.item, air bottleR, etc. then as the diffracted pulse reaches points

The general arrangement plans and above the centre line of the submarine, the

sections are shown in Figure 20. general effect will be to reverte the up-

180-pound Torpex charges were used for ward motion imparted by those below the

this trial, andFigure 21 gives thepositiona s entre,

at which charges weredetonated, This assuines that, with the hull sub-

Characteristics of Shock merged, a presiure acting radially Inwards
builds up around the hull, but since it IsThe characteristics of shock on masses a result of diffraction, its values cannot

nld on a dunMy cell for similar shots when be directly assessed.

surfac4ld. and submerged are given in
iAny effects of the pressure pulse near

t eseen that the shocthe sea surface will be largely nullified
It wll be seen that the shock uaie.atures by sea surface cutoff, and thur one would

for itens in the submarine. whether rigidly not anticipate any appreciable reversals of
mounted or flexibly mounted, differ force from the diffracted pressure pulse

considerably for similar shots, depending when the tubharine is surfaced.

on whether the submarine is surfaced or

For explosions 70 feet from the nearest

point on the hull of REPEAT JOB 9, this
For rigidly mounted Items, (1,e , Items effect should be noticeable some 3 - 4

reaching their maximum velocity in less than mllseconds after the first innement of

was to increase the decelerations by reaction effect of the Increased resistance

approximately 60 percent without any to effc t should begin to influence items

appreciable change to the values of after the interval taken for stress waves
Smaimum velocity or initial mean acceleration, to travel 1800 around the hull and back

The flexibly mounted item: (i.e., (in this case about 2.8 mil!!seconds).
items reaching their maximum velocity In Thus, a divergence of the traces betwee
"more than 10 milliseconds) the values of 3 u and 4 mllisec eds for surfaced sd subt

both the maximum velocity and initial merged conditions could be explained by
mean accelerations, recorded with REPEAT either hypothesis.
JOB 9 aSurfaced, were reduced by about
50 percent for similar shots when submerged. Rigidly mounted items which reach their
50 peca maximum velcclty in less than 3 milliseconds
isIt will be seer that inmost cases this would have only their decelerations affected_ tsa dfinte dverenc beteenthe by this feature, while flexihly mounted

velocity-time traces for surfaced and sub- t hic fe nture chied fleib moun
mergd cndiion comeningat etwen ttma wrhich had not reached their Maximum

merited conditions commencing at between velocity or accelerations in 3 milliseconds
2.5 and 4 milliseconds. would have bota theme quantities reduced.

A tentative explanation would appear to

be that these effects are partly due to

diffraction of the pressure pulse around Shock Severity

the hull and partly due to the increased It was found that over the larger
resistance to motion of the hull when sub- range of angle evlored in REEAT jOfI 9,
merg..d, shock severities gave a more linear re-

Thus, on sibmergence, if it be assumed litlonshiP with sin 6 than with
that the pressure pulse, after reaching D
Points on the hull where the line to the /Wsn . This can be p.rtly explained

charge position is tangential to the D
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180LBs. TORPEX 7OFEF.T FROM PRESSURE HULL

(S M LLECND

I TON CASTING 0 'ILIEOO
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by tile vrY sitlff cyl indrical hull of thle liad the firial -shott 1-ien ft veki on the I
submarine, tending to cause the huill to upposlite sideof the torwet, it is estimwatrO
move 1like a solid cylinder; whtereas for , that tl'o 1 t~ii l.'"Oev WoIWI I%,,/* qiv,~
less stiff construction, the motion of ti, ffauimylff Velocitiles of nihnist 23 ft.* milt
item In chiefly governed by tite movements initial merai acceleration o.f '00flit.

of plating surrounding its aup~ortrn. RU W .1 9 wasn a very 14ahltl InL4..i

The penultimate shot (18O-pouivdTorpex' target coimparvil with a comploto(d Soib
was de~tonated at ti distance of 22 feet marine, andl thir shocli sovenities are very

)"P! 0.7) (oin he pessre hll wth uch higher thats thou.e obtainedi i~i fI-WTFJS.
( '-Dft h pemr ulwt (In radition. it should be a~lc.I that 4"1Ar

REPEAT J0111 9 submerged to a depth of 110 JOB 9 hall a wholly W01de1 structurp. U1ere I
feet. This shot caused some ullG~t plastic IrKMriw hbut a riveted hiull. ) 11or vaoampla,
dishing of the pressure hull, and the maxi- if a Shot of thim seveyity ( lNqX111114l TurpesPi
mum indentation wasi14 inches. AlI machinery 19 feet from pressure hull) wer-- beting

and the submarine cells we-eurwAmgled (with fired against PR"FAMJS, the estlIsNakai values

the oxceptIon of one coi'ner cell which wasn of maximum velocity *nit initiaml mean

cracked due to distortion of the batteary uccrlorratton (obtainegil by extrapolation)

tantk sides) andmachinery ran satisfactorily vlu Id tie:

after the shot.
The final shlot (1BO-pouodtf Torrex) at

19 feet. ( I/W = 0.86 ) from the proppitre UasioxuivA. L-ittal Moon

r - Velocity k~cvlorstioal

hull caused two large tears in the pressure 1-ton cmating IR fps .fv
hull I, one at station 21-22 sand one at Main motnrs 13, F 941
station 19, and between these the bull Main engines 11 a1 u(as-
platirg and framing had been pushEd in to eludinig the

amaxitiumu of 4 feet 6 inches taking the HIf' *evil-
*ballast p~ump platform inboard where It a olsn

assumed a position at approXfimately

350 to the horizontal.

*It would thus appear that stailarino Further triýmisa re being plannegs

machinery mounted on noise absorbing mount- alas AUT on A class submarine*. with,

inga and submarine batteries In the tile object clf verifyingt thei mosimu;M

rubber padded tanks, as in normal firitish' values of ehock severity In sulmerintis.

practice, will withstand shock up to thle to act as a proving trial 1-r A r'aiba

Point of lethal severity without damage. s Ubma r ine fePu i fmenst A-itll. 4Y "l-11119 Of 0,1

This is a considerable achievement. array of P. E. gouges arounid thp outitiiol ofN

Th n~xmu vlus f hok evr ty ie prossuretall wuvionltnii

The nnxnwa vales f sock eveity to explore more fully th~e aaeraasiirs of ther
recorded on Items in RFrEA'r In 9 wev iangas in sokL htr t~ 4~ '~

Velo- Accel- nge.I

city evftltn

Castings - ton (normal) 29 fp's 7~ V RISR

hton (vertical) 18.5 1 20 V i
14 ton (rthmtart-

Ablp) 12 121)it ~ ~ i~ jr1tila =err (farrlite "91i og'.ljr..

Blatteries (flexibly no~uiutild)4 a,'sre ty'*iuki*oIlget

ntliwnrt ship 71 Ships ,Of tl- eFuillir 1vpo
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U'XX= was a E claas cruiser built in Characteristics of Shock and Shock Severity

1926, and had thi following dimensions: The broad characteristics of shock

Length 570 ft. measured on mosses In the double bottoms,
on the inner bottom, on bulkheads, and onExtreme Breadth 54 ft. 6 in. deck. is shown in Figures 29 to 31.Displacement (Shota 132 feet deep.) These figuese

during Trials 9500 tons show the general trend of attenuation of

Outer bottoM the medium- frequency characteristics in a
Plating in way section of the cruiser.
of shots 40 psf For a given shock factor, the vertical

Draught during component of the shock characteristics on
trialso 21 ft. 3 in. masses representing machinery was con-(aft.) siderably lower than thot recorded on

18 ft. 10 in. destroyei-s, but the tbwartahlip conmonent
(forward). was somevhat larger.

The frame spacing was, in general, The final shot against EMERALD was a
4 feet, except in the way of certain bulk- 1080-pound Torpex chargedetonated 50 feet
heada where it was 2 feet, raid near the from the ship's hull at a depth of 40 feet.
stern where it was less than 2 feet.

SRecords were obtained of the shock Table III gives the maximum values of
shock severity obtained on the EMERALDcharactriatic a on masses representing trials.

auxiliary machinery and equipment and on
actual ,achinery itons. Trials are proceeding to determine iso-

Figure 27 gives the general layout of dmasge curves for various charge weighta
the instrument positionsandFigure 28 gives detonated against each class of ship.
the positions at which charges wre detonated. Thea. curves will enable an estimate to be

----.----------- 570 FEET�-----_____

SORWAR N AT SECTIOi AT.F'O~tw AR 'D E N G -IN E R o o m#I 1 15 S I A TIO N

IF E 53 fF

Fi -. 27 HMS E ER'ALD. Inatritment Pnsitirms,
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HALF TjON MASS ow 4029)LXEAD (o FIRED~
VELOCITY 1080 LBs. TRE IE

?~T/EC.237 FEET FROM THE HULL
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-m-P TY

MILLIECOND

VELOCITY
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M~ade. fn coi-iJL~vItijor with oUr knorriedge of TIhe chipmr~terietles nf the 1,04- Shek
shock In differen~t classes of ship, of the ~ci~sol ~Cat*"10 of tSu1a
maximum ite~erity of shock li)kely to be as regard* froqu~rivy 9 *"i~j.661m "bull
expcrienced in any position In each claas 'this wpuld resu it ioe d~

of ship. and It Is folt th~lt., provided thae shock
Design Figures for Shock Wachimv charee-t~weit leg Ed.jL j4

Tfhe airwlest methad to determine whether frequxicy bands= obevd,,~si~ t etý
any mechanisms or, Indeed, any item of tout ing items on flewlble souatiass-
naval equipment w~ill withstand the shock

charasctcriatlea and maxinum severity of '
shock In ships caused by noncontact under- The British polic 1Y"i to d6at-af
waterE explosion@ would be to secure it to uiechanions like swi:e ~stI v;,

a shock testing machine which produces withstand the ahL~e% r6 iska3
similar ahodck characteristic mid severitI6s attaChed to th. ieegs~t-Pl41 of thoveakm
to those observed In ships. Such a machinq machino and then te, ia'v *1 ieV@

%ould do the comolicatttd shcwk idaithaeatica oin flexible muuuwinosmo ln if.~ fl

and answer whether t~he Item It Wod or bad added factor' ef s~ftaW
from a shock vieupolrn. Th, broad frsumo* i Wbi.fr~

Obscure failtmeaz of mcchanlzm* an hOwwk tostting Mar% Lazo -bM24'a 6
inachines c= be examined in sl ow MatIon botwevn 40 - 100 2-
using high speed Vtine coerms, and rimw~iea cps (the I attor being~
can often be inaicated more rapidly by displacement* aie~edan I
this means than by' nathematical endeav~our. late shipping

TABLE IZZ

Ii.M.S, EMERALD

MAXIMUM MXMI

VELOCITY /%CCLLfkA7ION
ITEM FrT/1,FC

900LB MSSVERTICAL ATWATHI FRi n ~ i ATHWARI~O1 o aQ eAUTWr

9(TANIS EMTY A--

ON OUTER BOTTOM1 30 1)O

(TANKs FULL) IA_-

ONE TON MASS1

ON INNER BOT TON 20 9) C)6) b
(TA~xs FULL

ONE TON MASS

ON LowEr 8 -I

Dti

A rI WAkT:-,IIIP 6

8VI K14L AO~
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It Iaou r aim to produce a shock testing both, cannot be positively asaerted; but

machine cepioble of shock testing machinery it would ippear that machines manufactured

weighing up to 15 tons. The design of of mild steel. D. W. steel, or cast steel

the machine has not bv-ft completed, but, and designed to withstand static forces of

briefly, it will consist of a catapult 120 g upward* 60 g downwards, and 60 g

accelerator whlc!, strikes a 10-ton mass athwartshLp (applied at the supports of the
which, in turn, accelerates the target machine) will withstand ishock forces at the

plate by me:ans of hydraulic buffers. The rates of loading and duration experienced

target plmte will be decelerated by means in ships of almost double these figures.

of hydraulic raa with adjustable parts it would appear from our irials that
attached te. c 30-ton nssa, so that the de- machihiery when rigidlyevounted in ships
sired characteristics of shock may be may experience shock forces in the
obtained. vertical plane as listed in Table IV;

For machinnery items, it has been the MAIN MaceINY ecc.
British practice to design auxiliary (fps) (g)
machinery, which in service is rigidly se- H.P. Turbines 8 10 100 120
cured to the ships structure, so that the L. P. Turbines 6 - 8 50 - 60

stresses in the machine donot exceed 16 Boilers (meastured at 4 - 5 40
tons psi for a load equivalent to 120 the top of feet)
weight of the machine vertically upward, RNARINP MAIN F NINES 12 - 14 100
60 the, weight of the machine vertically

. downward, and 60 the weight of the machine AUXILLURY MACHINERY

athwartuhip, applied at the supports of the (Oee also the supplementary Tables under

machine; and the securing bolts are de- "Comtents").
signed to have a stress of 25 tons pal uarder Neither the deceleration nor the

forces caused by a deceleration of 60 horizontal athwartship forces, in general,

Machines so designed withstood accel- exceed one-half of the maximum values
"eratlons of 220 g associatedwitha maximum quoted above.
Velocityrof22 fps withoutmechanical failure In order that the weight of machinery
Sor any measurable permanent distortion, items may be kept within reasonable limits,

Whether this result won caused entirely it is felt that' ite, of auxiliary machinery
by the obliging nature of mild steel should be mouitted on flexible mountings
increasing its yield point (due to the capable of reducing the shock accelerations
load being rapidly app)lied and only main- to a figure not exeeeding 120 g and that the
talned for a short ioterval of time), or auxiliary machinery should be designed as
whether our method of asseqsing the mean at present to withstand this magnitude of
accelerations gives unduly high figures, force, applied statically, without damnage
Or whether the result was a combination of or distortion.

I

~ii



Contfiential

I ~TABLE IVI
MAXIMUS VERTICAL SHOCK CHARACTERISTICS FOR iACNINERy I

MAIN MAC1I-NERY
VELOC•IT'Y AC ct L f •A A "'t o t

H.P. TURBINES 8 -10 FT/tC 100 120 8

L.P. TURBINES 6- 8 rT/wc 50 -60 g
BOILERS (AT TOP OF FEET) 4 5 ,y/sc 40)SUBMARINE MAIN ENGINES 12 - 14 F,/ IlliL0

AUXILIARY MACHINERY

CRUISERS DES f ROVERS SURMAARINLS

POSITION ITEM 1I iciT 0i 1k -OITON*-N rLOCITy Aaf(f RATION IVflw i

HEAVY MACHINERY 1,- 1 '20-80 9'- '4 1 i)
1~3 310 TONS _ _ _ _0_ON THE MACHINERY ITrH 1 5022

SHIP'S 17, 250 lb TO8-220

B O T T O M ..-... .... ... .. ..
MACHIN0RY ITEMS 20 400 16- 20 150-250 20 6250

3/ - iYt IONS

ON THE MACHINERY ITEMS tO 7 - !6 4 5
UPPER V 4 1LDt K - {4 TONS

ATHWARTSHIP VALUES RARELY EXCE ED ONE HALF THOSI GiViN AfVr I

I
U
I

-I I
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DI SCU SSION

TJ.T. MULLER, MIfl,: In Figure 8 you For the string, the displacement kink moves
ahow a negative velocity. How does that at a uniform speed along Its length, in
happen? manner illustrated by parts "b" and "6" of

J. R. SHAW, R.N- S. S. Figure 8 Is a Figure 32. A location on-the string par-
record of the .motion of the deck. The takes only of a single quick displacement
deck receives its motion froam, the bulkheads as the kink moves by. However, when the
which aupport it. It Is conceivable that center of a bar is quickly displaced, the
at times you will get a s~lghtly downward shape of the bar at some first instant of
movement (due to the supporting bulkhsada tim'e Is shown in "e" of Figure 32. The
being a bit out of phase) before the deck ends of the bar are still in their original
starts to move up. positions. The parts of the bar below the

line connecting the ends have moved back-1I. VIGNESS, NRL: I would like to ward. Generally, the shorter the wavelength.make one comnent on the same subject. Mr. the faster will be the propagation along
Muller knows the 4A plate on the light, the length of the bar, and thus the shape
weight shock machine. It is merely a of the disturbance will continually change.
flat plate supported by channels on two A particle located at some position on the
edges. We can have those two edges start bar will first ekperies4ce a vibratory •iition
moving forward with a certain velocity as about its original position. This
the plate receives the shock excitation. vibratory motion will begin at very highWhen the two edges first move forward. frequency and very low displacemengt lmntpi-
the center of the 4A plate may move back- tude, and the frequency will become less andward. This backward motion is easily the amplitude greater an the waves pass
observed in the acceleration records and is dovn the bar. The bar will not vibratealso noticeable if accurate displacement abolut a view Position until the point of
measurements are made. This backward inflection closest to its center has passedmotion can be explained by consideration by. For sirrplicity, transients involved inof the rigidity of the plate to bending, iiit sopping the baranebentsnegleed.I
addition to the usual considerations o!f mass
and ensile properties, This result canmost J.P. WALS.i, NDSL: In the CAMERM reporteasily be illustrated by the behavior of a You .Ot guesse d charac.teristics u to a vlcue' bar when its center ia quickly dia laced a

bar henitscentr i qucklydis~ncd n of 0.2 mid then guessed that .1n the plasticeglvn d•-tance perpendiculur to .ts length. range of the hull the characteristic curve

uwOuld hsvz a 3lOPe vf about one-half theFigure 32 Allustratea the differenceln slope In the ela-tic range and go out to aresponse of a string (wfich will support shock factorof0.6, las this been verifiedno bending moment) and a bar when their ln letcr wrk, ,rd - tre values which

centers are quickly displaced a given imal! you have shoei maximum values up to the
distance perpendicular to their lenga.hs. point of uncortoollable flooding?



F. E. SHAW: FArst of olI, youv tt, I -w

about one-. half when approachin the

plastic range?" I don't think we have ~ . i 2J,.L
ernough evidence to tsy o - Some of the b S

reoulta indicate that while the velocity
maybe about one-half, the acceleration •i I
against shock factor can be almst -.lori- C f
sontal. We can get only about two shots

per ship in the plastic rangie. That makes

it difficult to get sufficient data to Fig. 32 Roaoanea of .Strien arl-4

make sureofour grotnd. We are not certain Ror t•n Quick DitIOCement.
that it in half the slope. The velocity
looks like half the slope, but we are not

sure that it is half the slope for accel-
eration P.a well, ,.V. M " .0 .

In answer to the second part of your J. P. WALSH: In the CAMMIOiN report

question, the maximum values that we have pi.dlctionas VMT madie and Morrelation Val

1iven are for some of the Items which were found for maximum vilockty In terms Of f
actually measured, but others were extra- stiffness of plating. ftriing, eOtc. On
polated. For the extrapolation, we have tile Fr".*Lf, 4 ejuble-bottw shitp, were #404
taken half the slope of the curve in the able to conflrpi thaw?
elastic rarge. We may 1)r n hit too high j.F.. SIHAW: We have lot 41 ll* alythilqI

or too low. on tOat yet. Actually, oa the FYMOCALD)

J. P. WALSH: tip to what shoek factor we have two problens.,* With the Patse be-

was this extrapolation made in order to twean the inner and o1uer bottomno full !f

get these maximum values? watet, anythinx on the inner behaves very

J.E. SHIAW: Up to the shock factor similarly to the bottom of a -inglo-hislt
that we had on each ship. For instance ship. I•hen ths tqsve bet%$en tile irwer and

for tile submarine and for JMll 9 It was outer bottoms Is %,,oty. You iet a ;rarns be-

shout 0.1I6, For the BIT 'A.LI) It was aroobnl twloon oomething on the deth nr"

0,8. on th* bottom of a singl;-huii ship. W&

"J.P. WALSH: These are the values at huaven't the analyalo finished yet. 'e

which you would expect uncontrollable are still Only a very small teqW. 1his Is

floodlng'ý belig done, but it Is nut comPleted.

'i
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CONTRASTING LAND VEHICLE PROCEDURES

By
C. D. Montgomery,

Aberdeen Proving Ground

The difference between a target ship circuits would open when Ampacted and
trial and a land vehicle test makes a com- instruments would be damaged. Possibly
parison difficult. My particular field there were many other cases of combat
involves land transportation, but the vehicle component failures due to pro-
closest approach to this type of testing jectile impacts %hich were never thoroughly
made by the Aberdeen Proving Ground on investigated.
land vehicles was the qualitative tests
performed on various wheeled and tracklaying The Ordnance Delartmnct was at this time
combat vehicles to determine the most mine- in the process of launchin o a large menu-
resistant armor plate for various vehicle facturing progrm for production of a Light
designs. The qualitative nature of this Tank MSAl which was a welded hull. and
teating does not permit direct coemarison ever effort was made to prevet secndary
with the test work described in the pre- piojectiles
ceding papers; however, the description
of another shock test on a light tank may In the fail of 1942 it was decided to
be of interest. obtain test data on the irpast shock

penomena and to supply design information
Early experience in the war with the for tank -towage mounts. The test ob.

Medium Tank M3, having a riveted hull, jective was to establish a means of shock
gave the Armored Force disagreeable ex- testing by firing at the tank with 37
perience with a difficulty called secondary millimeter and 75 millimeter proo" pro-
projectiles or missiles. The armor on this jectiles. A proof projectile Is a crui.41y
Particular tank and others consisted of made round slisulating the mass of the
riveted structures which, when shocked. more expensi.y, armor-piercing round@.
would cause the interior portion of many
rivets to ricochet inside the tank. The 75 millimeter proof projectiles

,-iveed. t.-nk h,,. •-.re ir~immediately re- subjected the tank to en Impft %filch was
placed by welded hulls: however, then different from the type of shock causedbL-
stowage brackets and various other types a hole-punching. 37 millimeter. arror-
of mounting equipmient which were orliln:!!y p'ercini round; however. the Imact of th.
attached to the armored plate becar,' la.sgr proof projectiij might sim1late the
secoxadary projectiles. In addition ?(, forces caused by an HE air burst or 6

secondary missilec, electrical firing mine blaist.

preceding pagea



The, Ordnance Departmvnt .at Aberdeen peAntof Iftpact. Thus, the greatest: tccele-

Proving Grotund bO no experfence with the ration measured was from approxi¶mately
shock affect of prcjsctlles on tank armor 8000 to 10,000 times the nuceAeration of
-icapt in a q-ualitative way,and, tharefore, gr.vity end in some Instancts as high as
called ton Wosting=house, Generas Electric, 9000 cycles per second. Crystal pleao

aid MIT woal-t In 1:t._ i'r- t we@w accelerometers brake L. this area, and it
decided to m.asure ý=jl tLon.. ,trains, Is possible that higher accelerations were

and absolute dirplasun•as. The inztru- present, If they couldi have been recorded.
men'ations to accomplish thiis were: The ImpzctLng energies of the 37 and 75

(1) ieselacriety~~accleroetes hillimeter proof pro~jectiles used at the
with low peas filters where needed. test velocitiescausedslnittlar accelerations

of the arrwr for both types of projectiles.
' (2) Tim~e displacement records with a There was an indication that the harder,

solenoid type of travel recorder. armor-piercing type of projectile caused
(3) High-speed motion pictures for greater shock to the armor than the snftoer

absolute diaplaceents. proof projectiles.
(4) Magnetic and resistance strain T7he abiolute displacement of the turret

gages for the measurement or stress when Iac-.tedW2a found to vary from 1/2 inch

cor •mpenentso to 1 Inch. Absolute displacemý.-nts of the

Test procedure generally ,consisted of hull were asyproximately from 1/4 inch to

firing at represen•stive areas of arm.ired 1/2 inch.

tani- hull Lto sifafi-aste an anti-tank type of Much of this disPlacement may be
attack. The tank's armor varied from accounted for by the roll of the vehicle's

11/8t 1 /2 inches in thicness. springing when impacted. Similar phenomena

Several reports were written covering occur shen a tank gun is fired.
the data of this test; in general, the re- When the impact shock was transmitted

suits were grouped according to the through the tank turret plate to the oppo-
location of the shocks an related to the site aide of the turret, it diminahed to
Impact are* of the proJectil#. Ibis is a approximately 60 Percent (that Is, frum
€onvenient grouping, for the magnitude of 8500 g to 5200 g) and had about the same
the accelerations logically grouped then- frequency. When the shock had traveled/elves according to the following areas: from the turret across a bearing joint to

a. Immediately behind the projectile the tank hull, the shock value dropped to
:' ...Impact, • 40 Percent of its original value.

b. In the immediat* structure, Time in the order of a millisecond wasSc. Rtmote from the imlpact area, or required for the shock to be transmitted to

those regions renote from the point of
d. Isolated from the iapact area by l. A mentioned before, any disacon-joints or resilient naterial. tinuity in the path caused the .hock to be
It should be noted that the magnitude decreased; for exsmPle, the failure of the

oeone of the accelerations does not give armor weld caused the shock to be reduced
an indication of the damaging forces; also, to 10 Percent of its origLnal value.
the pha-se eiletLanghipa of the component
structures tested prohbly causea varietion For vehicle components isolated by
in test results. resilient mounts, the shock would decrease

to A crn~tm1mt•ly 1 .he;":, o - ,

' The Ilmediate vicinityof the projecitIe vLitue. The tank tngines were fouiid to be
impact is considered within 12 inchte of the nicely isolated by their normal rubber vi-

if

I " I '' • ,N .. .'



bration m~ufts. Frequencies ,,f th pe.t sitkatimtad vfiluo, Strain 9'4506 Were
transmitted to the ettigine were reduced to P6Vtcle1r1- t"'. A 're@; ".

6pproxinaiteiy 10 percent of the origlrmal moment imposes]. al the q,0uports-no would

value for resiliently mounted itefme. indicate tej* eolative severity of thi* for%:@

except in some unarm wh~ere no snubbing ntr The greater use ti, th~clt ofn WON wa

restriction@i were provided to limit the probably the. prrincipal result of thia

absolute displacement. An exa~ile of thise test. 'Iowevor. their@ were other dl~iltei

was thit rubber rnou~nta used on the& tonk chvn~nee bilch *ýrs of equa14 102#1ul~bwds-
Instrument Panel. The panel wee throwit Additional testing &a aiee n this

from its rubber mounts. As the test fAeld. end it to hoped thot fland's will be

progressed. spring steel shock rnotin~t were n-vailable for further investigation of

developed. In some instances theme greatly taink whock effects. coiivcelelY of *41104ý

reduced the shock to the order of 20 percent blesat shocks.

of the orignial Impact value;" however,
mufficiernt room had to be left between t~he
alhock mount bracket and the Inatrunent to

prevenz domageby the absolute displacerment. 1.G. F- Report No. 72346.

Strain &ages used were mounted an ýkTetorLih akUS
various eowponents in the vehicle. Strasin Oct 2es, 19 Lih4T2M
and frequencies of the strain wera meastsiredOt.1.12

on the object. In marnY Cates, how-ev~er. 2. W. L. Co. Heie. ieport W- 146,

the material yielded and strain usa only an Sept. 21 -27, 1942
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COMMENTS

The following tables were presented in- value of material under shock conditions
formally by Mr. Shaw at a Bureau of Ships and by other unexplained phenomena.

confrence. They contain design infor- Equipment designed to these values should

mation by which the required strengths of withstand shock intensities that would

machinery supports and major machinery cause uncontrollable flooding of the ship

parts can be determined. The design in the vicinity of the equipment. The

accelerations given are the result items in Tables 1. 2. and 3 are for

of velocity meter measurements taken essential ship equipment. For less Im-

during the British underwater, noncontact portent items, where mre breAkage can be

explosion field trials. The values given tolerated, Table 4 is Included. It Is

are about one-half the experimentally to be noted that the values given may not

determined values. This factor of one- be included in their final design speci-

half was arrived at on the basis of fications but are. at present, recoessondied

damage observation of installed equipment values. The design values are applied as

and Is accounted for by the increased yield static values.

TABLE I

MAIN MACHINRY VERTICAL AS 1JaOS

Cruisers Merehant

and Above Destroyers Submarines OUtpe

Ac~c.Dec. Acc. Dec. Ace. D Doc. Aoc. D"

Position 1 ' 4 9

H. P Turbines On seating at- 50* S0o 500 50* . . is

tached to to to

Inner bottom

or 40 23

outer bottom

L- P. Turbines " 250 250 250 251 .

Gearing " X 50 30

Reciprocating Engines 3s 50 30 o 30

' 2-- is 25

Main Motors I________-
*On rigid resilient rnounting. This recunting consists of 0 -Orrugast- piic of materi i

which acts as a rigid body until the forces reach certain deflniti v'auces. afor 116-1

the corrugated rnateria- crushes conside!_wiy for only a W-041 Irwa &' in orce.



•a

I

TAMY. 2

WMDWRY MAOM
AND

SLIM. 1CI s VERTICAL ACCSLERArcONS

Cruisers Merchant
wa'd Abo•ve Bes.. oyers Submarines . S.hips4cc. De. Ac. Dec. Acc. Dec. Accc.Dec.

Position 9 g 9 a 9

Heavy items, 3 to Ch inner bottofi 60 rO ...-
10 tons or to

outer bottom 90
Medito Ite'•z, 1% i 120 60 90 60 .0 30

to 3 tofts to to to
120 80 so

Light Items, 3A to tiO 1 900 g 120 60 120" 60 . .

1% tons to to to
200 200 100

Light Itons, N to Under exposed 60 so 60 40 . ..-- - .
VA tons docks to

90
Light Items, % to On bulkheads 60 40 60 40

1% tons

"Light Items, - to On inter- 40 25 30 20 "" -.. i1% tons me~ditedecks

*See• high. Tentativo, based on single experiment.

iI:

Iii
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TAUSE 3

AIMLARY MACRINMY
AND• AT1IWNA P ACOM-FRATICHS

_ _ _ it---iiCruivirs r t|

mnd Above DIstroyers Submarine Si.

Ace. Dec. Acc. Pec. Acce. AccV. D4c.

Position 9 9 0 9 0 9 I a
-.... - ' - . -- _

Heavy Items, 3 to 10 20 300
tongI

Light Items, up to 3 40 60*
tons

*Depending upon proximity

to ship side

• -

TABLJE 4 
•

!,...MS ]DE::ARTNY ITEMS VERTICAL I:a=MiOTIUI

sod Abnvv Destroyers kAJr MinOT 3ihs ...

Acc. Dec, Ac-r. Per. Arc,. nor. Ar'. Dq.i__I ii
Position 9 9 I 9 4 9 A 0

Workshop, laun- On Inner bottom 40C C 25 4

dry, etc. oer

Workshop, botto-

dry, etc. On intermediate 30 15 
. .

1.

-vow
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A report of general intereet to the

membersof the Shock mad Vibration Symposia,
entitled 'Instruments for Measuring
Vibration mad Shock on Ship Structures and
Machinery.," TMh Report 563, will be
available 15 August 1948. Oiaracteristics
of the various instruments discussed in
this report are tabulated in Shock and
Vibration Bulletin No. 3, May 1947.
Copies of the completed report may be
obtained by request from the David Taylor
Model Basin, Technical Information Section.
Washington, D. C.

Copies of the "Interim Definitions and
Standards for Shock and Vibration" have
been published and distributed. Written
comments are invited, and discussion
concerning these Defini.ons mad Standards
will take place at the nixt Symposium.
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